Approaches to the synthesis of azabullvalene by Steinheimer, Thomas Rudolph
Scholars' Mine 
Doctoral Dissertations Student Theses and Dissertations 
1973 
Approaches to the synthesis of azabullvalene 
Thomas Rudolph Steinheimer 
Follow this and additional works at: https://scholarsmine.mst.edu/doctoral_dissertations 
 Part of the Chemistry Commons 
Department: Chemistry 
Recommended Citation 
Steinheimer, Thomas Rudolph, "Approaches to the synthesis of azabullvalene" (1973). Doctoral 
Dissertations. 237. 
https://scholarsmine.mst.edu/doctoral_dissertations/237 
This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 
APPROACHES TO THE SYNTHESIS OF AZABULLVALENE 
by 
THOMAS RUDOLPH STEINHEIMER, 1938 
A DISSERTATION 
Presented to the Faculty of the Graduate School of the 
UNIVERSITY OF MISSOURI-ROLLA 
In Partial Fulfillment of the Requirement for the Degree 









Three approaches to the synthesis of the heretofore unknown 
azabullvalene, the pi electron equivalent heterocyclic congener of bull-
valene itself, are described. Two of the schemes are based upon the 
assumption that the most convenient method for the introduction of the 
nitrogen atom is via thermal rearrangement of the appropriate azide. 
The first involved the generation of the homobarrelene carbon 
skeleton and sub sequent decomposition of its azide. This compound 
arises formally as the product of the Diels-Alder addition of acetylene 
to the bicyclic valence isomer of tropyl azide (cyclohepta-1, 3, 5-
trienyl-7-azide). In order to achieve this goal, Diels-Alder additions 
to 7- substituted tropilidene s were examined. A total of sixty-four 
possible combinations were analyzed. Additionally, an investigation 
into the diazo transfer reaction occurring upon cycloalkyl amines for 
the purpose of generation of cycloalkyl azides was undertaken. Cycle-
propyl amine did not furnish cyclopropyl azide by this method. How-
ever, the technique was successfully applied to cyclobutyl through 
cyclooctyl amines and described by us last year. Subsequently, by 
employing N -nitro so-N-bicyclo [4. 1. 0] heptyl ethyl carbamate, we have 
worked out the conditions for the generation of simple cyclopropyl 
azides and defined suitable reaction conditions for their controlled de-
composition to furnish 1-azetine derivatives. Thermolysis of exo-
7- azidobicyclo [4. 1. 0] heptane furnished 2- azabicyclo [4. 2. 0] oct- 2-
11 
ene, which was characterized by analysis of the benzoyl derivative of 
its reduction product and by hydrolysis to the corresponding amino-
aldehyde. 
111 
A second scheme involved thermal rearrangement of the com-
pound obtained from the formal addition of acetylene to the recently re-
ported azocine (aza-cyclooctatetraene), the pi electron equivalent 
nitrogen heterocyclic derivative of cyclooctatetraene. Although azo-
cine was not isolated due to its apparent instability and rapid rear-
rangement, we have demonstrated a workable method for its genera-
tion. 
A third approach to azabullvalene proceeded from the decom-
position of the appropriate tropyl carboxazide by an analogous series 
of the reactions reported in the carbocyclic series. 
An estimation of the thermodynamic properties of azocine as 
well as the nitrogen derivatives of bullvalene precursors indicated a 
large thermodynamic preference for decomposition via hydrogen 
cyanide ejection. Thus, it appeared that facile loss of HCN will have 
a major influence upon the isolation of nitrogen analogues of c 8 H 8 and 
c 10H 10 hydrocarbons. 
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I. INTRODUCTION AND STATEMENT OF THE PROBLEM 
The discovery of the bullvalene (1) molecule1- 4 in 1963 has been 
marked as one of the milestones in organic chemistry and has gener-
ated much interest among chemists. The principal reason for this is 
its curious NMR behavior which identifies this molecule as representa-
tive of a new class of compounds which are considered to be undergoing 
a dynamic equilibrium at room temperature. This phenomenon is de-
fined as a reorganization of sigma and pi electrons with or without an 
accompanying translocation of any nucleus and is commonly known as 
valence isomerization. Bullvalene at room temperature is considered 
to be equilibrating between a large number of valence isomers as each 
carbon atom assumes the character of a cyclopropyl, vinylic, or 
bridgehead position at any given instant. 
( 1 ) 
The essential structural feature of bullvalene is the homotro-
pilidene (2) r1ng system. 
(2) 
Bullvalene itself may be formally viewed as a homotropilidene with a 
vinylic bridge connecting C-4 to C-8. Many substituted bullvalenes 
have been described in the literature although there is no information 
---- ---- ------------------------------------------------------------------------------------~ 
2 
describing the effect when only a CH unit is replaced with nitrog e n. 
W e have been interested for some time in the influence that a nitrogen 
atom may have upon the valence isomerization process. W e believe 
that insertion of a nitrogen atom into the bullvalene nucleus in the ab-
sence of interactions through inductive or resonance effects of substit-
uents may reveal NMR behavior similar to bullvalene itself. 
Our efforts since 1968 have been directed principally toward the 
synthesis and spectroscopic analysis of azabullvalene (3). 
(3) 
The attack on this problem has been threefold. First attempts involved 
homologation of an appropriately 7 -substituted tropilidene of the type 
shown below. 
0 
o- fl [ CHz)nC - N 3 
Decomposition of the carbonyl azid e {n = 0) should result in the forma-
tion of "azabarba ralone'' (4), a nitrogen bridged homotropilidene. 
Similar treatment of the homologue (n = 1) would likewise give th e pro-




C-N 3 > 
( 4) 
A second approach focused upon the generation of ''homobar-
relenyl azide" (5) followed by its decomposition to furnish the nitro-
gen analogue of "Nenitzescu's hydrocarbon" 5 (6), a known precursor 
of the hydrocarbon bullvalene6 . 
> 
(6) 
Homobarrelenyl azide may be formally viewed as resulting from the 
addition of the elements of acetylene to tropyl azide ( 7) in a Diels-
Alder fashion. The propensity of the azide group to enter into dipolar 
eye loadditions with dienophiles 7 required the use of formal azides only 
for the assembly of the carbon skeleton. 
+ Ill > ( 5 ) 
(7) 
The third approach involved the formal addition of the elen1ents 
of acetylene to the unstable azacyclooctatetraene (azocine) (8) molecule 
4 
to give (6) or its isomers. 
+ Ill (6) 
(8) 
The approaches described above involve a number of new reactions as 
well as modifications of existing ones. For example, the conditions 
for the addition of a carbonyl azide to the transannular double bond in 
the tropilidene ring had to be worked out since carboxazides normally 
lead to isocyanates upon decomposition8 . The difficulties in carrying 
out the addition of dienophiles to tropyl azide has already been men-
tioned and elimination reactions upon these Diels -Alder adducts to fur-
nish the ''homobarrelene" ring system had to be studied in detail. 
The two latter approaches required a suitable synthetic route to 
cyclopropyl azides and methods of controlled decomposition leading to 
1-azacyclobut-1-enes (1-azetines) rather than fragmentation. Cycle-
propyl azide was first described in 19689 and successful decomposition 
of derivatives to give 1-azetines was first reported in 197110. The par-
ent azocine (8) remains relatively inaccessable which necessitated its 
synthesis followed by the formal addition of acetylene to give (6) or its 
isomers. Thermodynamic considerations indicated that (8) might re-
quire handling at low temperatures and at high dilution. 
The preparation of a methoxyazabullvalene was reported in 
196711 . An analysis of the NMR spectrum led the authors to place the 
nitrogen atom in a double- bonded position adjacent to methoxyl rather 
than in a cyclopropyl or bridgehead position. They further concluded 
from the variable temperature NMR that methoxyazabullvalene was not 
undergoing the valence isomerization process nearly as rapidly as seen 
in bullvalene. The molecule revealed at room temperature the spec-
trum consistent with the static structure. Furthermore, the contour 
of the spectrum remained unchanged over the temperature range of 
35° to -40°C. We believe that the location of the nitrogen atom in this 
position is particularly significant in that it is part of an imidate ester 
unit. Formally, methoxyazabullvalene may be viewed as a polyun-
saturated imidate ester. The resonance energy of simple amides has 
been estimated to be 16-22 kcal. /mole12 . Assuming that the stabiliza-
tion energy for an imidate ester is approximately the same, then one 
might expect a substantial degree of interference arising from the 
imidate ester if the activation energy for the valence isomerization 
process is of the order of 10 kcal. /mole. Indeed, the resonance energy 
of the imidate ester is sufficient perturbation to suppress the iso-
merization process. Therefore, methoxyazabullvalene is a poor model 
for the examination of the influence of a nitrogen atom upon the process 
occurring so readily in homotropilidenes. The essential question re-
mains unanswered. 
We have undertaken the synthesis of precursors of the parent 
azabullvalene and the details of that investigation constitute the major 




The prediction of the existence of bullvalene first offered by 
Doering1 in 1962 and again early in 1963 2 ' 3 was vindicated in the sum-
mer of 1963 by the announcement of the synthesis of bullvalene by 
Schroder4 . The irradiation of the 76°C melting point dimer of cyclo-




Subsequently, bullvalene has been detected in the photochemical rear-
rangements of several other polycyclic trienes and tetraenes of the gen-
eral formula (CH)lQ· A rational synthesis of bullvalene which offers 
independent synthetic evidence for the structure was reported by Doer-
ing and coworkers 13 in 1967. Tricyclo [3. 3.1. 0 2 ' 8 ] nona-3, 6-dien-9-
one, "bar bar alone", ( 9), is homologated in the 3, 4 -homotropilidene 
bridge with diazomethane to yield tricyclo [3. 3. 2. 0 2 ' 8] deca-3, 6-dien-
9-one, "bullvalone", (10). Lithium aluminum hydride reduction of bull-
valone furnishes the corresponding carbinol which is converted by 
acetic anhydride in pyridine into its liquid acetate. Pyrolysis of this 
ester in a flow system at 345°C elim i nates the elements of acetic acid 






In the same year Jones and Scott14 reported the synthesis of bullvalene 
in 64o/o yield from the irradiation of bicyclo [4. 2. 2] deca-2,4, 7, 9-
tetraene {11). They observed that the isomerization occurred slowly in 
Pyrex but very rapidly in quartz. Bicyclo [ 4. 2. 2] deca-2, 4, 7, 9 -tetra-
ene was obtained in 38o/o yield from the therma l decomposition between 
90-120°C of the dry sodium salt of bicyclo [6. l. 0] nona-2, 4, 6-trien-9-
carboxaldehyde tosylhydrazone (12). The anticipated material, bicyclo 
[6. 2. 0] deca-2, 4, 6, 9-tetraene, was not observed. 





---- ---- ---- ---- ------------------------------------------------------------------
Bullvalene was obtained as a photoproduct in the irradiation of cis -9, 
10 -dihydronaphthalene6. 
A wide variety of reactions of bullvalene have been described 
in detail. In 1964 Schroder15 published the first definitive description 
of the chemical behavior of bullvalene; namely, its oxidation andre-
duction products. Bullvalene has been catalytically hydrogenated, 
reduced with alkali metals and with diimide, and oxidized with ozone 
and osmium tetroxide. It undergoes typical olefin reactions upon 
treatment with dichlorocarbene. 
Many simple derivatives of bullvalene have been prepared in-
cluding alkyll6, aryll7, carboxyll6, halide18, ethersl9, thioethers 2 0, 
dimers and trimers resulting from dehydro 21 , homo 22 , and annel-
lated bullvalenes23. Homobullvalenones have recently been reported24. 
Bullvalene forms complexes with metal carbonyls 25 and undergoes re-
arrangement upon treatment with heavy metal salts including mercury26 
and silver 27 . It is reported to react with organopalladium complexes28. 
Dehydrobullvalene undergoes cycloaddition reactions with furan, 1, 3-
diphenylisobenzofuran, and tetraphenylcyclopentadienone29. Bullva-
lene participates in competitive 1, 2-versus 1, 6-cycloadditions with 
chlorosulfonyl isocyanate30 . Recently, tetracyanoethylene31 (TCNE) 
and methanol32 have been added to bullvalene. Methoxymercuration 
has been described for both bullvalene and bicyclo[4.2.2] deca-2,4, 7, 9-
tetraene33. 
8 
The most revealing experimental technique which has been em-
played 1n the study of bullvalene has been variable-temperature NMR. 
The first application of this technique to the examination of bullvalene 
was reported by Saunders 34 in 1963. He calculated the rate constant 
and energy of activation for the Cope rearrangement occurring in bull-
valene from measurement of the change in line width between T 4. 4 and 
7. 8 as a function of temperature. The energy of activation was found 
to be 11.8 kcal. /mole. The very small enthalpy barrier to this re-
arrangement which involved breaking a carbon-carbon bond with forma-
tion of another was attributed to extremely favorable geometry as well 
as the weakness of the bond. In 1965 Gutowsky and Allerhand35 meas-
ured the Cope rearrangement in bullvalene using a spin-echo NMR tech-
nique. The energy of activation by this very sensitive technique was 
found to be 12. 8 kcal. /mole and the frequency factor to be 0. 8 x 1013 
sec-1. As a complement to the two studies reported in which bu1lvalene 
solutions were examined, Graham and Santee3 6 examined the Cope re-
arrangement of powdered bullvalene using a modified NMR spectro-
meter. Spectra were recorded as the derivative of the absorption 
curve and line widths determined as the separations between maxima 
and minima in these curves. The energy of activation was reported to 
be 9. 2 kcal. /mole and the frequency factor to be 0. 2 x 1012 sec-1 . 
The unusual variable-temperature NMR behavior for bullvalene 
predicted by Doering and Roth2 was first reported in detail by Schroder 
9 
and others 37 in 1964. The NMR spectrum of a carbon disulfide solu-
tion of bullvalene at 100°C consisted of a single sharp resonance signal 
of about l. 5 MHz line width located at T 5. 78. This suggested that 
during a single isomerization, all protons in the molecule must experi-
ence the four different chemical environments including two olefinic, 
one cyclopropyl, and one bridgehead. The spectrum of this solution 
at -85°C revealed two resonance signals whose relative areas were in 
the ratio of 6:4. An unsymmetrical multiplet corresponding to the six 
olefinic protons in bullvalene is seen at T 4. 35. The dissymmetry of 
this multiplet follows from different coupling constants for the cyclo-
propyl and bridgehead protons with the adjacent olefinic protons. The 
remaining broad band at T 7. 92 was associated with the three cyclo-
propyl and the one bridgehead protons. It is somewhat surprising that 
the chemical shift of the tertiary threefold allylic bridgehead proton 
coincides with the three cyclopropyl protons. The two signals coalesce 
at +13°C and, above that temperature, become one signal at T 5. 78. 
At room temperature, the spectrum is considered to represent the 
averaging of all possible valence isomerizations, since they all have 
the same probability of existence. No carbon atom remains bonded to 
another longer than any other and all ten carbon atoms exchange their 
places without interruption so that the bullvalene structure is always 
maintained. Bullvalene, with its ten carbon atoms and threefold axis 
of symmetry, gives a spectrum at room temperature which represents 
the averaging of 10! /3 or 1, 209,600 structurally equivalent isomers. 
10 
11 
At elevated temperatures this averaging process is accelerated and at 
sub-ambient temperatures it is slowed. 
The NMR spectra of many substituted bullvalenes have been 
examined. Some of these exhibit the averaging process seen in the 
parent with no significant alteration, whereas in other cases the sub-
stituent exhibited a marked preference for participation in only one 
type of hybridization. Virtually all of the bullvalene derivatives which 
have been prepared have exhibited NMR spectra characteristic of a 
preferred location of the substituents within the fluctuating system. 
Numerous investigators have examined the photochemical and 
thermal rearrangements of bullvalene. In 1971 van Tamelen and 
Pappas38 compiled all of these conversions in a single report and a 
portion of that summary is reproduced on the following page. 
A comprehensive review of {CH) 10 interconversions has appear-
ed while this manuscript was in preparation. In it Scott and Jones 3 9 
attempt to interrelate all of these hydrocarbons on a single potential 
energy surface and discuss the placement of bullvalene on that surface. 
Most of these conversions are processes which are deemed permis-
sible by the orbital symmetry correlations described by Woodward and 
Hoffmann. However, exceptions are the thermal conversion of bull-
valene and bicyclo [4.2.2] deca-2, 4, 7, 9-tetraene to cis-9, 10-dihydro-
naphthalene. This isomer appears to represent a "thermal sink" into 
which nearly all isomers tend to fall. Avoidance of this energy mini-
mum can be managed by employing various photochemical methods. 
12 
aM. Jones, Jr., J. Amer. Chem. Soc., 89, 4236 (1967). 
bReference 6 
cS. Masamune a n d R. T. Seidner, Chem. Commun., 542 (1969). 
d Reference 14. 
eReference 26. 
£Reference 39 and others cited therein. 
Irradiation of Bullvalene and cis -9, 10 -dihydronaphthalene opens path-
ways to still higher energy structures. Not all of these products arise 
from one-stage photochemical events but rather proceed through more 
highly strained intermediates. 
B. Azabullvalene 
In 1967 Paquette and Barton11 announced the first synthetic entry 
into the azabullvalene system . They described the preparation of a 
monomethoxyl derivative. Slow addition of chlorosulfonyl isocyanate 
to cyclooctatetraene at 50°C led in 73o/o yield to an N-{chlorosulfonyl} 
lac tam (13) which was hydrolyzed with thiophenol at 0°C with loss of the 
chlorosulfonyl group to furnish a lactam (14} in 98o/o yield. Treatment 
of this material with trimethyloxonium tetraflouroborate led to the iso-
lation of the corresponding imino ether {15) in 8lo/o yield. Irradiation 
of a methanol solution of (15} with a 450-watt Hanovia apparatus result-
ed in the smooth conversion to methoxyazabullvalene {16) in 54o/o yield. 
The NMR spectrum and its variable temperature behavior conclusively 
established the structure as that of the azabullvalene derivative. 
W o N .........._ SOzCl 
{13) 







The similar chemical shifts of all vinylic and cyclopropyl protons led 
the authors to locate the nitrogen atom in a position other than adjacent 
to either of these. They also found that azabullvalone {17) obtained 
from irradiation of {14) gave {16) upon treatment with trimethyloxonium 
· wo ho h f h o 0 0 w 40 d h 1on. 1t 1n a mont o t 1s commun1cat1on egener reporte t e 
synthesis of ethoxyazabullvalene by an almost identical route. Upon 
irradiation of the lactan 1 obtained by hydrolysis of the initial adduct, 
Wegener obtained {14) in 40o/o yield. Treatment of this Inaterial with 





> v: > ~OEt ~~ 
(17) 
14 
Paquette and Krow41 reported the photochemical transforma-
tions of {16) in 1968. Irradiation in methanol or tetrahydrofuran for 15 
hours furnished a mixture of 5 products. The time of exposure was 
dictated by the fact that certain of these products were unstable to 
ultraviolet light. All of the products were characterized by spectral 
parameters and comparison to authentic samples. 
In 1969 Paquette and coworkers 4 2 described in detail the pro-
ducts of the pyrolysis of azabullvalenes and azabicyclo [4.2.2] deca-2, 4, 
7, 9 -tetraenes. Methoxyazabullvalene and 8 -methoxy-7 -azabicyclo 
[4.2.2] deca-2, 4, 7, 9-tetraene (15) gave an identical mixture of products 
when heated at 600°C in the gas phase. The mixture contained 4 major 
and 8 minor components. The major products included quinoline, 2-
methoxyq uinoline, 1-methoxyisoq uinoline, and 3 -methoxyisoq uinoline; 
the minor components were not characterized. 
The NMR spectrum of (16) has been examined in some d e tail by 
Paquette and coworkers43. At room temperature, the spectrum re-
vealed a sharp methoxyl singlet at T 6. 54, a three line pattern of area 
3 centered at T 7. 50 arising from the three cyclopropyl protons, a 
wider three line pattern at T 6. 20 resulting from the bridgehead loca-
tion, and a 4 proton multiplet in the T 4. 3 region assigned to the vinyl 
hydrogens. As the temperature was lowered, an alteration in the line 
shape of the various absorptions was observed, presumably as the 
result of changes in the distribution of nondegenerate isomers. How-
ever, integrations at -20°, -60°, and -90°C revealed that the ratio of 
15 
peak areas was not altered with decreasing temperature. When a sam-
ple of (16) was heated above 15 0°C, the proton signals from various 
regions were seen to coalesce with the exception of the methoxyl sig-
nal and at 194°C the spectrum derives from the scrambling of the 
cyclopropyl and vinyl protons. Upon reaching thermal equilibrium, 
the ambient spectrum always reappeared unchanged. Examination of 
the variable-temperature NMR of methylmercaptoazabullvalene clearly 
showed a lower coalescence temperature, indicating that replacement 
of methoxyl with methylmercapto resulted in a somewhat faster aver-
aging of the cyclopropyl and vinyl protons. The only averaging pro-
cess that can give rise to the observed behavior is the combination of 







The two-step conversion of B to the equivalent D amounts formally to 
a rotation of the inner triatomic spoke on the outer rim by 21T/7 radi-
ans. Each of the seven equivalent structures thus generated is con-
nected by a second Cope rearrangement of the type A~ B. Succes-
s ions of these rotational operations result in retention of the structural 
integrity of the three-atom system [-C(OCH3)==NCH-] about which the 
rotation occurs . It has been suggested by Paquette that this relatively 
simple averaging process results from the strong preference of the 
nitrogen atom for participation in a double bond. By precluding any 
rearrangement path that places the heteroatom in the three-membered 
ring or at the bridge head position, the integrity of the skeletal atoms 
constituting the spoke is maintained, and the number of accessible 
structural arrangements is reduced to 28. A structural consequence 
of the fluxional character of (16) is the disruption of the rather stable 
imidate ester function. Replacement of the methoxyl group with hydro-
gen would furnish the parent azabullvalene (3) and one would expect 
that the rate and extent of rotational operations 1n this compound 
should be substantially altered from those seen 1n (16}. 
C. Azocine 
44 In 1968 Paquette and coworkers announced the first synthesis 
of the azacyc1ooctatetraene {azocine) ring system. The addition of 
chlorosulfonyl isocyanate to l, 4-cyclohexadiene followed by hydrolysis 
furnished an amide which was converted to imino ether (18} by 
0-methylation with trimethyloxonium tetraflouroborate. Treatment of 
(18) with one equivalent of N-bromosuccinimide followed by dehydro-
bromination with potassium t-butoxide gave 3 -methoxy-2-azabicyclo 











The structural assignment was based upon NMR and ultraviolet spec-
tral parameters and upon catalytic hydrogenation over palladium on 
carbon to give a cyclic imino ether which was identical to material. 
18 
19 
prepared from the corresponding ~-lactam. This isomer readily un-
dergoes disrotatory ring opening to the favored azocine. 
A new route to azocines was reported by Elix and others45 in 
1970. They prepared 2-methoxycarbonyl-7, 8-diphenyl-l-azocine (20) 
by the reaction of dim ethyl tricyclo [ 4. 2. 2. o2 ' 5 ] deca-3' 7' 9 -triene -7' 






The infrared spectrum indicated the presence of an a, f3-unsaturated 
ester. No spectroscopic evidence for any of the bicyclic valence iso-
mer was reported. 
Recently Looker reported that a minor product of the photo-
chemical decomposition of 5-aryl-5 -azido-SH-dibenzo [a, d] cyclohep-




The polarographic reduction of 2-methoxy-1-azocines to furnish 
the dianion product directly has been studied by Paquette and others4 7 
Azocinyl dianions have also been prepared by treatment of 2 -methoxy-
1-azocines with potassium in liquid ammonia. Treatment of these 
dianions with non- enolizable aldehydes and ketones furnished C- 6 
monoalkylation products together with previously unknown 2, 3-pyrido-
cyclobutenes48. 
Efforts to describe in detail the nature of the valence isomeri-
zation which exists in the azocine-azabicyclooctatriene system were 
reported by Paquette and Phillips 4 9. They prepared annellated azabi-
cyclooctatrienes and examined their spectral parameters. Imino 
ethers derived from 4, 7 -dihydroindane {23) and 5, 8 -dihydrotetralin 
(24) were synthesized by the sequence of reactions described previously. 
(23) {24) 
On the basis of the spectral properties of {23) and (24), it became ap-
parent that, for steric reasons, the trimethylene and tetramethylene 
bridges achieve complete displacement of the azocine equilibrium to-
ward the bicyclic tautomer. Both materials readily gave crystalline 
adducts with N -phenylmaleimide. 
It has been previously mentioned that the spectroscopic behavior 
of 2-methoxyazabullvalene and 2-methoxy-1-azocine probably are not 
representative of the parent heterocycles in which the methoxyl group 
is replaced by hydrogen. Estimation of the heat of reaction for the 
ejection of hydrogen cyanide from the parent azocine suggests that this 
is a thermodynamically favorable process although it is not thermally 
allowed. Furthermore, it would seem that this reaction will play a 
major role in the isomerization reactions of the pure aza analogues of 
CgHg and C10H1Q hydrocarbons (vida infra). Comparison of these with 
Paquette's imidate ester and analogues of these hydrocarbons reveals 
a considerable barrier toward elimination of ROC::N. 
D. Azides 
The chemistry of organic azides has been the subject of intense 
investigations during the past ten years because of their contributions 
to preparative heterocyclic chemistry. Traditionally, azides have 
been prepared either by direct displacement of halide or tosylate by the 
nucleophilic azide ion or by oxidation of a hydrazine derivative with 
nitrous acid. Two newer methods include diazo transfer upon amidate 
anions and lithium azide treatment of N -nitroso compounds. Alkyl, 
cycloalkyl, aryl, carboxylic sulfonyl, azidoformates, and cyanogen 
azides have all been prepared by one or more of these techniques. 
The reaction which occurs when an arenesulfonyl azide reacts 
with a compound containing an active methylene group in the presence 
21 
of a base involves the replacement of two hydrogen atoms of the active 
methylene group by a diazo group to furnish a diazo compound and an 
arenesulfonamide. Azides are isoelectronic with diazo compounds, so 
that sulfonyl azides may be formally viewed as sulfonyl diazo-amides. 
The transferring agent most commonly used is p-toluenesulfonyl azide. 
The diazo group of this compound is exhanged in a one-step reaction 
for two hydrogen atoms of an active methylene compound with the for-
mation of p-toluenesulfonamide and the corresponding diazo compound. 
TosN==N 2 + H 2 CR 2 _ ____:;::. N 2 CR 2 + TosNH2 
The transfer of the diazo group is carried out in the presence of a base 
whose strength corresponds to the acidity of the hydrogen atom so that 
the carbanion is the actual reacting species. The diazo transfer reac-
tion has been carried out successfully on a variety of substrates using 
tosyl azide. These include 2-diazo-1, 3-diketones50 , diazomethylene 
disulfones51, a-diazo-{3-oxosulfonyl systems 5 2, a- diazocarbonyl sys-
tems53, a-diazoimines and immonium salts 5 4 , a-diazophosphoryl 
systems55, and diphenylphosphinyldiazomethanes 56 . Regitz57 has 
recently written a comprehensive review of diazo transfer upon active 
methylene compounds. 
The replacement of the carbanion species 1n a diazo transfer 
reaction with its nitrogen analogue, the amide anion, should result 1n 
the formation of an azide and the corresponding sulfonamide. 
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This expectation has been realized and was first reported by Anselme 
and Fisher58 in 1967. They prepared 4 azides from their correspond-
ing amines by diazo transfer. The yields which were based upon unre-
covered tosyl azide ranged from 26% for benzyl amine to 49o/o for p-
toluidine. Two years later they reported yields of 50o/o based upon 
products recovered for the preparation of the azides obtained from 
aniline, p-toluidine, and p-chloroaniline50 . In all cases, 15-20% of 
tosyl azide was recovered along with varying amounts of tosylamide. 
Cyclohexyl azide was obtained in 35o/o yield from lithium cyclohexyl-
amide. The bases used included methyllithium and methylmagnesium 
bromide. A general procedure for the preparation of cycloalkyl azides 
from the corresponding amines by diazo transfer was described by us6° 
in 1971. The description included a vacuum transfer technique which 
permitted isolation of pure organic azides in yields substantially higher 
than reported previously. The azides of cyclobutyl through cyclooctyl 
amines were prepared in this manner. 
The mechanism of this reaction has not been examined in great 
detail. However, there is little question that the diazo transfer reac-
tion proceeds through the formation of an adduct (25) formed from the 
amide anion and tosyl azide. 
R-NH- N ==N - N-Tos (25) 
This initial adduct may then decompose by either of two rout e s to fur-
nish the intermediate in which a hydrogen atom has shifted from the 
alkyl nitrogen atom to the sulfonyl nitrogen atom. Subsequent 
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r--------- R-N-N==N- NH-Tos 
> 
In 1968 Anselme and Koga61 reported the synthesis of azides 
from an1ine anions using nitrous oxide as the transferring agent. 
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Yields ranged from Slo/o for phenyl azide to 15o/o for cyclohexyl azide and 
were based upon the amount of unrecovered amine. Another modifica-
tion of the diazo transfer reaction for the synthesis of azides was de-
scribed by Smith and coworkers 62 in 1969. They found that Grignard 
reagents reacted with tosyl azide to form salts of tosyltriazenes. 
Fragmentation of these salts occurred rapidly in aqueous sodium pyro-
phosphate to furnish the corresponding aryl azides. 
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E. Cyclopropyl Azide 
Cyclopropyl azides had remained an unknown class of com-
pounds until very recently. In 1968 Kirmse and Schutte 9 reported the 
first synthesis of any cyclopropyl azide when they obtained the parent 
azide itself in 88o/o yield from the reaction of N-nitroso-N-cyclopropyl-
urea (26) with an excess of methanolic lithium azide. The remaining 
minor components in the mixture were allyl methyl ether (3o/o), cyclo-








The azide was characterized by its NMR and infrared spectral para-
meters. Reduction with sodium arsenite and potassium hydroxide in 
glyme furnished cyclopropyl amine. Upon treatment with benzoyl chlo-
ride, this amine gave N -cyclopropylbenz am ide which was identical with 
an authentic sample. The azide is considered to arise from an inter-
mediate cyclopropyl diazonium ion which can decompose by either of 
two pathways. Nitrogen may be displaced directly by the nucleophilic 
azide ion or spontaneous loss of nitrogen may furnish the unstable 
cyclopropyl carbonium ion which is then trapped by the azide ion. The 
only other report of a cyclopropyl azide was contributed by H a ssner and 
LevylO in 1971. They obtained 1-azido-2, 2-dichlorocyclopropanes (27) 
in about 5 Oo/o yield by the addition of dichlorocarbene to a series of 
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vinylic azides. Typically, the vinylic azide, ethyl trichloroacetate, 
and sodium methoxide were stirred together for 20 hours in pentane. 
The azides were purified by column chromatography followed by care-








During the preparation of this manuscript another synthesis of cyclo-
pr o pyl azides was reported by Galle and Hassner 63 . They found that 
addition of mercuric azide to cyclopropenes gave the corresponding 2-
azidocyclopropylmercuric azide salts . Treatment of these salts with 
hydrogen bromide gave 2-azidocyclopropylmercuric bromide salts 
which furnished the corresponding azidocyclopropanes upon r e duction 
with sodium amalgam in water. 
F. 1-Azetine 
The thermal decomposition of azides has been examined for a 
variety of substrates and usually proceeds through the initially gener-
ated unstable nitrene intermediate. Stabiliz a tion may then involve iso-
merization to imines, dimerization to azo compounds, hydrogen ab-
straction followed by ring closure to give heterocyclic compounds, 
bimolecular insertions into secondary amines, addition to solvent 
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molecules yielding ylids, and additions to unsaturated systems to fur-
nish heterocyclic derivatives. 
In 1971 Hassner and Levy10 reported that careful thermolysis of 
dichlorocyclopropyl azides (27) resulted in the formation of 3, 3-
dichloro-1-azetines (28) in about 50o/o yield. Prior to this report the 
only 1-az etines described in the literature possessed ether or thioether 











The structures of the azetines were indicated by UV, IR, and NMR 
parameters. Furthermore, mass spectral correlations revealed nit-
riles and 1, 1-dichloroethylenes as major fragments. Reduction to 
known azetidines and hydrolysis to known !3-amino-o:, o:-dichloroketones 
furnished structural confirmation. The driving force for ring expan-
sion in preference to cyclopropylimine formation was assumed to be 
relief of strain energy in going from a three- to four -membered ring 
system. The reaction appeared to involve selective migration of the 
electron richer CH2 or CR2 unit rather than the CCl2 unit to the 
electron-deficient nitrogen atom. 
Recently Kostyanovskii and others 64 have prepared 2-phenyl-1-
azetine (29) by treating 2-phenyl-1-azetidine (30) with t-butyl hypo-




The ring expansion of a thermally generated cyclopropyl nitrene 
by way of carbon migration to an electron-deficient nitrogen atom has 
precedent in the carbocyclic series. In 1960 it was reported that treat-
ment of the tosylhydrazone of cyclopropyl carboxaldehyde with sodium 
methoxide yielded 60-67o/o of cyclobutene along with small amounts of 
butadiene, acetylene, and ethylene6 5 . With an aprotic or weakly 
proton-donating solvent cyclobutene was the major product. However, 
when a strongly proton-donating solvent was employed, the major pro-
duct was bicyclo [l.l.O]butane. It was suggested, on the basis of this 
solvent effect, that cyclobutene arises from the cyclopropylcarbinyl 
carbene intermediate. Similarly, alkyl cyclobutenes have been ob-
tained in good yield from treatment of alkyl cyclopropyl carboxaldehyde 
tosylhydrazones with bases at elevated temperatures in non-polar sol-
vents. 
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III. RESULTS AND DISCUSSION 
A. Azabullvalene {3) fron1 Azabarbaralone {4) 
In 1967 a rational synthesis of barbaralone {9) was described. 
A key step in the sequence involved the decomposition of diazomethyl 
ketone {9a) and stabilization of the resulting ketocarbene by transan-
nular double bond addition. At the same time work in our labora-
tory66a, b suggested that tropyl azide {7) underwent partial decompo-
sition to give 1-azatricyclo [3. 3. 0. o2 ' 8 ] octa-3, 6-diene, "azasemi-
bullvalene", { 7a). The product probably resulted from tropyl nitrene 
undergoing a trans annular addition to the 3, 4-double bond. The signi-
ficant chemical property common to both of these systems is the 
apparent ease with which an unstable electron-deficient substituent 
located in the 7-position of the tropilidene ring interacts with the pi 
electrons of the transannular double bond. 
{ 7a) 
0 
0 11 C - CHNz Cu > 
{ 9a) {9) 
Recognition that the diazomethyl group [- CH= Nz] is isoelectronic with 
th e azido group immediately suggested a convenient route to azabar-
baralone (4}, the pi electron equivalent heterocyclic derivative of {9). 
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In 1969 Edwards and coworkers 67 reported that photolysis of 
cycloheptene-5-carbonyl azide (31) furnished the corresponding acyl-
nitrene which was stabilized by internal addition to give the acylaziri-
dine (32} in low yield. Although (32) was not isolated, its structure was 
deduced from characterization of three other products, all of which 
were derived from (32). This compound, which the authors describe 
as "very reactive", may be viewed as a "tetrahydroazabarbaralone" 
and is the only report of this ring system. 
0 
0 
o- Il C-N3 > 
(3 1) (32) 
Our sequence to azabarbaralone proceeded from tropyl car-
boxylic acid (33), through the acid chloride and to the carboxazide (34). 
The acid was obtained by either of two routes. Photochemical addition 
of ethyl diazoacetate to benzene gave (35) which furnished the potas-
sium salt of (33} directly upon alkaline hydrolysis. Alternatively, 
mercuric acetate catalyzed oxidation of cyclooctatetraene68 gave an 
aldehyde acetal (36} which was readily oxidized to (33} in chromium 
trioxide-pyridine medium. The latter technique consistently furnished 
higher yields and was used on subsequent runs. 
0 + NzCHCOzEt __ h__;,v __ >~ 0 COzEt 
(3 5) 
(35) __ K_O_H_---=>~ 0 COOH 
(3 3) 




> OCH(OR) 2 ROH 
(3 6) 
(36) > (3 3) 
Treatment of 7-carboethoxy tropilidene (35) with an excess of hydra-
zine followed by oxidation with nitrous acid also gave (34). 
Q-co2 Et > 
HONO 
> ( 3 4 ) 
(35) 
The thermal decomposition of the carboxazide (34) was 
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examined in detail. Refluxing in hexane or other hydrocarbon solvents 
or prolonged heating in polyether s resulted in loss of nitrogen with 
rearrangement to furnish tropyl isocyanate (37). However, when a 
small sample of (34) was slowly vacuum distilled through a Vycor 
cylinder (i. d. = 3 em. ) upon which was directed radiation from three 
275-watt infrared heat lamps a reaction occurred. The hot chamber in 
which the reaction took place was approximately 135 em. in length. 
The products of this vapor-phase thermolysis were isolated by conden-
sation on a liquid nitrogen cold finger. The efficiency of this process 
was estimated to be very low (about 14o/o) yielding less than 300 rng. of 
product frorn 4. 0 g. of (34). The assignment of the 1-azatricyclo 
[3. 3.1. o2, 8] nona-3, 6-dien-9-one structure (4) to this material was 






( 3 7) 
The IR revealed two bands in the carbonyl region including a very in-
tense band at 1730 cm-1 and a much smaller one of weak intensity at 
1760 em -l. The absence of absorption in the region of the isocyanat e 
group (2250 cm- 1) and in the regions of both the carbonyl group or th e 
azido group of (34) suggested that (4) was not contaminated with either 
(34) or (37). The UV spectrum showed a maximum at 2 58 nm. at 
several dilutions in absolute ethanol while the molar extinction coef-
ficient did not vary linearly with concentration. We believed this devi-
ation from Beer's Law to be significant (barbaralone UV showed shoul-
ders at Amax = 225 nm., e = 2710, and at 243 nm., e = 1840)13 . It ap-
peared that at least two different absorbing species are present in the 
solution. The N-acylaziridine (4) and theN-acyl enamine (4a) would be 
expected to exhibit similar Amax and yet possess different extinction 
coefficients. Equilibration between 4 and 4a would most probably be 
concentration dependent and would account for the observed spectral 
properties. This behavior is similar to that observed in the oxepine-
benzene oxide69 system in which the presence of an isosbestic point 
clearly indicates the presence of two compounds in equilibrium. Un-
fortunately Amax values are only confirmatory data and not definite 
evidence for the presence of a particular chromophore. 
The NMR spectrum rev ealed three distinct resonances. A tri-
plet was recorded at 575 cps (lH) with J = Z cps and multiplets at 429 
cps (4H) and at 210 cps (2H), figure 1. The spectrum resembled in 
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considerable detail the NMR of barbaralone and specious arguments 
can be made that the compound is indeed (4) on the basis of the NMR. 
The one-proton triplet corresponds to the averaging of H 5 with H 5
1 and 
the four-proton multiplet to the mixing of the partially vinylic positions 
H4, H 4 ', H6, H6', Hz, Hz', H 8 and H 8 '. The remaining two-proton 
multiplet corresponds to the averaging of the protons H 3 and H 7 with 
H 3 ' and H 7 '. This spectrum remained unchanged between Z0° and 80°C. 
Similarly, the room temperature spectrum of barbaralone 70 showe d a 
triplet at 34Z cps (ZH), a multiplet at Z5Z cps (4H), and another triplet 
at 156 cps (ZH), figure 1, p. 36. Although there are differences in the 
observed chemical shifts, the overall pattern of the spectrum is very 
similar for both azabarbaralone (4) and barbaralone (9). The apparent 
large chemical shifts which are seen in (4) may be due to the inductive 
effects of the nitrogen atom or from the larger angle strain which 
could be partially relieved in the transition state of a Cope rearrange-
ment. The two spectra are presented on page 36 for comparison. 
The variable temperature NMR spectrum l e d Lambert70 to 
claim that barbaralone at room temperature was rapidly equilibrating 
between two equivalent valenc e isomers. He further stated that valence 
isomerization in barbaralone was probably occurring as rapidly as in 
bullvalene at room temperature although at a still much slower rate 
than in tricyclo [3. 3. 0. oZ, 8] octa-3, 6-diene "semibullvalene 11 (38). 
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( 38) 
The spectral parameters obtained are not inconsistent with the conclu-
sion that (4) also is in equilibrium with its valence isomer (4a) at room 
temperature. This interpretation is however untenable because of the 
chemical shift data. There exist no precedents or ready rationales to 
account for the resonance at 575 cps being due to H 5 of azabarbaralone. 
In barbaralone the H 5 , H 1 resonance is at ~ 150 cps. A down field shift 









The inability to repeat the syntheses of the unknown compounds 
precludes our making any structural assignment. However, a reso-
nance at 575 cps is consistent with protons in the a position of pyridines, 
aldehydes, and some polyvinylic protons. 
The spectroscopic evidence contained herein was recorded on a 
sample produced early in the study. It was recognized that a generation 
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Figure 1. The NMR Spectr a of Azabarb a r alone and Barbaralone 
36 
of (4) might lead to the unknown azabullvalene (3) and work was con-
tinued. The workability of the chemistry involved was demonstrated by 
Doering and coworkersl3 in 1967 for the carbocyclic series. Howev er, 
subsequent attempts to synthesize (4) were unsuccessful even after a 
variety of modifications were applied in order to locate the p rob a b le 
cause of difficulty. Following eighteen months with no further success, 
this approach to (3) was abandoned in preference to those described 
below. 
The early success with the thermal rearrangement of (34) t o 
give (4) led us to attempt the generation of a homologue, ''azahomobar-
baralone" (38a). This required the preparation of tropyl acetic acid 
(39) which could be converted to tropyl acetic azide (40) by techniques 
already on hand. Vapor-phase thermolysis of (40) should furnish (38a). 
CHzCOOH > C HzCON 3 
( 3 9) (4 0 ) 
> 
( 3 8 a) 
37 
38 
Tropyl acetic acid was prepared by reaction of tropylium perchlorate 
with malonic acid in the presence of pyridine. Tropyl malonate under-
goes decarboxylation at 70°C to give (39}. Vapor-phase thermolysis of 
(40) repeatedly led to the formation of a pale yellow oil having a very 
pungent odor. Examination of the infrared spectrum revealed only a 
sharp and very intense band located at 2270 em - 1 indicating the pres-
ence of isocyanate. Thus, it appeared that (40} underwent decompos i-
tion to give tropyl acetic isocyanate (41) and not (38a). 
0 
o- ll CH 2-c-N3 0-----:::::: ----->~ CH2 NCO 
{40) {41) 
The apparent difference in reactivity may be seen by examina-
tion of models of the two systems. The tropilidene moiety is not flat 
but rather exists in a tub or boat-like conformation and is considered 
to be in a fluxional equilibrium of the various conformers. 
R 
R = -CO-N3 or -CH2-co-N3 
In the case of azabarbaralone preparation (R = azido-carbonyl), the 
model reveals that the carbonyl group bridges the opposite sides of the 
ring so well that the azido group is resting directly above the pi elec-
tron system of the trans annular double bond. Thus, it is placed in 
good proximity for reaction to occur. Homologation of the R group by 
one methylene unit as in (40) apparently is sufficient to prevent reac-
tion across the ring by pushing the azido group out and away from the 
double bond. As a result, the only reaction path available to (40) is a 
Curtius type rearrangement to (41). It should be noted that (38a) would 
have provided an excellent precursor to azabullvalene. Reduction fol-
lowed by acetylation of the resulting carbinolamine, and pyrolysis with 
loss of the elements of acetic acid were contemplated in accordance 
with precedents established in the carbocyclic seriesl3 . 
Mechanistic speculation must revolve around either or both of 
two possibilities. The azido group may enter into a 1, 3-dipolar cyclo-
addition reaction with the trans annular double bond to give the 1, 2, 3-
triazoline which would lead to (4) upon loss of nitrogen. Alternatively, 
(34) could lose nitrogen directly to give the unstable tropyl carbonyl-
nitrene which is stabilized by a transannular addition to furnish (4). In 
view of the many precedents in which stabilized azides such as azido-
formates, sulfonyl azides or carbonyl azides thermally decompose via 
azide cycloadducts, it would seem that the former mechanism is more 
consistent and appropriate than the latter 71 It also appears unlikely 
that the reaction would occur at either of the two adjacent double bonds 
without considerable distortion of the tropilidene ring. 
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B. Azabullvalene (3) from Homobarrelenyl Azide (5) 
The major thrust of our effort directed toward the synthesis of 
(3) came from other covalent derivatives of the tropylium ion. The 
key compound for this sequence was 3-azidotricyclo [3. 2. 2. 0 2 ' 4 ] nona-
6, 8-diene (5}, "homobarrelenyl azide". 
H 
(5) 
Thermal decomposition of (5) in solution should proceed to give either 
{6) or (42) via a ring expansion of the cyclopropyl azide moiety w ith 
retention of one nitrogen atom. Precedents have been established for 
this general type of reaction in the carbocyclic series and are d is -
cussed in the HISTORICAL section. 
(42) 
(6) 
Low temperature photolysis of (42) might be e x pected to furnish (3) in 
the same manner in which (11) photorearranges to (1). We believe that 
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direct photochemical rearrangement is not feasible in this case a s re-
cent experiments in our laboratory have led us to suspect that frag-
mentation would prevail. We would predict identical products to result 
from irradiation of either (6) or (42); namely, benzene, acetylene, 
hydrogen cyanide and, in the case of (5), nitrogen gas. 
As a result of the relative instability and reactivity of organic 
azides, it was assumed that the carbon skeleton would have to be as-
sembled first and the azido group generated just prior to decomposi-
tion. The tricyclo [3. 2. 2. 0 2 • 4 ] nona-6, 8-diene system of (5} w a s most 
conveniently generated from the tricyclo [3. 2. 2. o2 ·4] non-6-ene sys-
tem seemingly by any one of a number of simple elimination techniques. 
Further, the tricyclo [3. 2. 2. o2 • 4 ] non-6-ene system was the antici-
pated Diels -Alder adduct resulting from a tropilidene and a suitable 
dienophile. Nitrogen substitution at the 7-position of the tropilidene 
ring would result in an amine derivative at the 3-position of the homo-
barrelene ring, a situation compatible with conversion to an a zido 
group at the proper time. Literature precedents have established th a t 
Diels -Alder additions to tropilidenes give the tricyclo [3. 2. 2. 0 2 • 4 ] non-
6-ene carbon skeleton 72. The generalit y of the anti configuration for 
the substituent in the 7-position of the tropilidene component which be-





+ ( > 
The difficulty arises in carrying out the addition of the elements of 
acetylene across the terminal positions of the butadiene unit within the 
bicyclic valence isomer of the 7- substituted tropilidene. 
The reaction sequence which was investigated commenced 1n1-
tially with a number of 7-N-substituted tropilidenes and, in later 
stages, proceeded from tropyl carboxylic acid (33) derivatives as the 
diene components. 





The choice of the dienophilic component was very carefully made on the 
basis of availability of materials and upon well documented literature 
precedents for the elimination of the substituents surrounding the 
double bond in the dienophilic component. All of the dienophiles were 
extensively purified when commercial materials were employed and 
several were synthesized. Vinylene carbonate and a-acetoxyacrylo-
nitrile, which polymerize readily at room temperature, were prepared 
just prior to use. A summary of the various combinations attempted 
is found in the EXPERIMENTAL section. Each of the eight different 
7-substituted tropilidenes was reacted with each of the eight dienophiles 
described. Reaction conditions employed included refluxing components 
together in toluene or xylene for periods up to 48 hours or heating in 
sealed tubes at temperatures up to 200°C for 8 hours. The sealed 
tube technique was abandoned after several explosions. Addition of a 
catalytic amount of aluminum chloride to the solution reactions did not 
enhance adduct formation as has been reported73 for some Diels-Alder 
reactions. Generally, the adducts were isolated by slow crystalliza-
tion in a freezer following evaporation of most of the solvent. The 
acetylenic dienophiles would have led to the "homobarrelene" carbon 
skeleton directly, and subsequently, to substituted azabullvalenes. 
Of the sixty-four possible combinations examined, only four 
were repeatedly found to give crystalline adducts. The four included 
the maleic anhydride adducts of tropyl phthalimide (43), tropyl suc-
cinimide (44), tropyl carboxylic acid ethyl ester (45), and tropyl car-










The question of the unusual inertness of 7-substituted tropilidenes to-
ward Diels -Alder reactions with most of the dienophiles used remains 
unresolved. In order for this reaction to occur the diene component 
must make available to the dienophile a planar butadiene unit. The 
existence of the cycloheptatriene-norcaradiene equilibrium is well es-





It is seen that R has become a cyclopropane substituent in order that 
the dienophilic component be satisfied. The ability of cyclopropanes 
to enter into TT-type conjugation with neighboring TT-electron systems is 
well-known. When the ligand TT-system is a good electron acceptor, 
then the major stabilization factor is the proper mixing of the acceptor 
orbital into the antisymmetric component of the occupied Walsh orbi-
tal74 of the cyclopropane. The overall effect is a net electron transfer 
from cyclopropane to the TT-system which means that the bond between 
carbon atoms 1 and 6 should become stronger, and, therefore, shift the 
position of equilibrium toward norcaradiene 75 . This prediction is con-
sistent with the observed stabilization of the norcaradiene by TT-electron 
acceptor groups such as cyano and triflouromethy176 . Our results 
show that adducts were obtained only in the cases where R was a strong 
electron acceptor such as carboxyl or an aldehyde group or an imide 
unit. Assuming that the Walsh orbitals of cyclopropane and the p orbi-
tals of R are approximately the same size, then maximum overlap is 
possible and we should anticipate the greatest delocalization effect. 
Similarly, no adducts were obtained from any of the diene components 
where R was an acylated amine capable of electron-donor as well as 
electron-acceptor interactions. 
Maleic anhydride adducts and vic -dicarboxylic acids resulting 
from their hydrolysis are known to undergo his-decarboxylation to give 
olefins and it appeared that these techniques would have to be explored. 
During the next two years following the isolation of the maleic 
45 
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anhyride adducts, six different documented techniques for his-
decarboxylation were investigated. Generally, (45) or (46) were used 
because of their availability and greater solubility. The statements 
below summarize the results of those attempts at bis -decarboxylation. 
Procedure 
electrochemical bis -de car-
boxylation between platinum 
electrodes of the amine salt 
of the diac id in aqueous pyr i-
dine. 
thermal or photochemical de-
composition of the di-t-butyl 
peroxy esters formed from the 
di-acid chloride. 
free di-acid heated after ad-
mixture with lead dioxide. 
anhydride or free di-acid stir-
red with lead tetraacetate in 
pyridine at 60°C. 
Results 
very low yields of amorphous 
solid which could not be clar-
ified or analyzed. 
could not prepare pure di-
acid chloride and crude did 
not react with t-butyl hydro-
peroxide. 
no reaction. 
very slight loss of carbon di-
oxide during first five min-
utes only. 
anhydride or free di-acid stir-
red with lead tetraacetate in 
pyridine at 60°C under stream 
of oxygen gas. 
treatment of di-silver salt of 
di-acid with bromine followed 
by sodium iodide in acetone. 
47 
only fraction of theoretical 
amount of carbon dioxide 
{measured as calcium carbon-
ate) but greater than when 
oxygen excluded. 
no organic material recovered, 
only silver iodide. 
Our initial efforts at bis -decarboxylation were taken from work 
described by Doering and others 77 in 1952. The molten substrate in a 
small three-necked Pyrex flask at 200°C was treated in increments 
with small portions of lead dioxide. No carbon dioxide evolution was 
detected as a gray amorphous solid, presumed to be lead salts, were 
formed upon cooling. This residue was inert to organic solvents and 
was only partially dissolved upon trituration in dilute hydrochloric 
acid. Similarly, several modifications of the Grob 78 reaction which 
employs lead tetraacetate for bis -decarboxylations were studied. Py-
ridine was reported to be the best solvent for this reaction. Small 
samples of {45) or {46) were dissolved in dry pyridine and maintained 
at 60-70°C while freshly prepared lead tetraacetate which had been 
dried with and stored over acetic anhydride was added in small incre-
ments. Carbon dioxide evolution was very slow and ceased in 15 
minutes. A calcium carbonate precipitate did not appear in the lime-
water trap. Purging the system with oxygen gas during reaction pro-
duced no noticeable effect. The addition of a catalytic amount of sul-
folane did not promote decarboxylation. It is believed that loss of two 
moles of carbon dioxide from either the anhydride or the di-acid is 
highly improbable. Lead tetraacetat e decarboxylations suffer from 
low, variable yields and cannot be expected to be satisfactory at all 
with bicyclic systems containing proximal double bonds 7 9. Partially 
deoxygenated products usually result. It is considered that decar-
boxylation, when it occurs, occurs with the loss of one mole of carbon 









In 1968 electrochemical bis -decarboxylation was reported to 
occur on highly strained polycyclic systems without disruption of the 
carbon skeleton 79. The salt prepared from an amine and the substrate 
in water was disso l ved in pyridine and electrolyzed between platinum 
plates with an applied D. C. potentia 1 of 6 0-8 0 volts and at an initially 
applied 800 ma. current. When the current stabilized below 200 ma. 
the reaction was quenched by water dilution and the decarboxylation 
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product extracted with pentane. Numerous attempts using (45) or (46) 
did not furnish the desired diene, but rather very small amounts of 
materials containing intense carbonyl absorption in theIR. 
The reaction was not an easy process to carry out. A large 
water-jacketed three-necked sealed reaction vessel was constructed 
and a portable auxiliary refrigeration unit complete with circulation 
pumps and reservoir of antifreeze was assembled. Additionally, a 50-
100 volt D.C. power supply with ammeter for monitoring 25 ma. cur-
rent changes was sought (this equipment was not available). Platinum 
sheets were purchased and the electrodes fabricated. A vibration 
mixer was sought but was not available and was replaced by magnetic 
stirring. It was necessary to keep the temperature below 20°C for this 
reaction to occur. Application of an 800 ma. current generated heat 
which could not be dissipated fast enough to maintain the proper tem-
perature even when the circulating coolant was maintained at -30°C. 
Furthermore, pyridine itself was oxidized under these conditions of 
bis -decarboxylation. The products obtained varied from a few mg. to 
none and furnished no evidence of the presence of the desired diene. 
The precedents cited describe the synthesis of the "homobarrel-
ene" carbon skeleton on a five mmole scale. The yields of diene re-
ported are usually less than 50o/o, so that the isolated yields of product 
were about 300 mg. (2-5 drops of viscous oils). In the opinion of this 
author, this technique would hardly qualify as a synthetically useful 
one. Two additional decarboxylation sequences were briefly examined. 
49 
Decomposition of the di-silver salt of the di-acid with bromine did not 
furnish the tetrabromide as anticipated nor did treatment of a maleic 
anhydride adduct with 90o/o hydrogen peroxide give the diacyl p e roxide 
as expected. 
One additional route to azabullvalene was examined briefly. It 
was reported that a 1, 4-addition of butadiene across the para positions 
in benzene had been achieved photochemically80 . Substitution of pyri-
dine for benzene might give a nitrogen derivative similar to (ll), which 
is susceptible to conversion to {42) and photorearrangement to (3). 




Butadiene gave no isolatable product. One mole of isoprene irradiated 
in the presence of a two-fold excess of dry pyridine gave 1. 2 g. of an 
oil following removal of solvent and bulb-to-bulb distillation of the 
residue. Gas chromatography revealed two components which were not 
separable by partition chromatography. The spectral parameters are 
reported without a structure assignment. 
51 
C. A Cyclopropyl Azide; Synthesis 
In support of our overall approach to azabullvalene (3) from (5), 
it was necessary to work out the details of cyclopropyl azide synthesis 
and of rearrangement to give 1-azetines (1-azacyclobut-1-enes). The 
diazo transfer reaction upon amide anions had been reported to give 
azides 5 8, 5 9. However, the yields were generally less than 50o/o and 
were restricted mostly to aromatic azides resulting from anilines. 
We undertook the preparation of a series of cycloalkyl azides from the 
corresponding amines via diazo transfer with tosyl azide. Cyclopropyl 
through cyclooctyl amines were examined. The purpose was to check 
this approach to cyclopropyl azide synthesis as well as broaden the 
scope of diazo transfer upon amines. The results are described in a 
communication published in 197160. Cyclobutyl through cyclooctyl 
azides were obtained pure in yields of 15-66o/o. A_ significant feature 
was the description of a bulb-to-bulb vacuum transfer technigue60 which 
permitted isolation of higher yields than previously reported. Cycle-
propyl amine did not furnish cyclopropyl azide, although the isolation 
of small amounts of p-toluenesulfonamide from the reaction suggested 
that the azide did form. Cyclopropyl azide may be unstable under the 
reaction conditions and undergo fragmentation to ethylene and hydrogen 
cyanide. Cyclopropyldiazomethane furnishes ethylene and acetylene 
under similar conditions65. Cyclopropyl azide was synthesized on the 
mmole scale in 1968 by a different technique 9. 
The bicyclo [4. 1. 0] heptane system was chosen as a model 
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cyclopropane and the synthesis of 7-azidobicyclo [4. 1. 0] heptane {47} 
was undertaken. 
{4 7) 
The sequence proceeded through the ester (48} to the carboxylic hydra-
zide (49}, the carboxazide (50), the carbamate (51} and the amine (52}. 
Alternatively, (50) was prepared from bicyclo (4.1. 0] heptane-7-car-
boxylic acid via the acid chloride followed by treatment with azide ion. 
The ~-configuration was assigned for the amino group of (52} on the 
basis of agreement with the reported boiling point and upon the melting 
point of the benzamide. An approach to (52) proceeding from the reac-
tion between cyclohexene and N-chloromethylphthalimide at -70°C in 
the presence of methyllithium was examined. However, the only pro-
ducts isolated were presumed to be diphthalimidoethylenes resulting 
from base catalyzed dimerization. No evidence for the presence of the 
norcarane ring was recorded. 
0 + NzCHCOzEt 
NH2 - NH 2 (48) 





(51) NaOH > 
--__;>~ cY NHCOzR 
(51) 
(52) 
The preparation of (47) from (52) by diazo transfer with tosyl azide 
proved unsatisfactory as (47) could not be isolated pure by vacuum 
transfer even on the twenty mmole scale. UV and NMR spectroscopy 
indicated tosyl azide contamination. In an effort to resolve this diffi-
culty, four other arenesulfonyl azides were prepared and substituted 
for tosyl azide. Mesityl-, 2-naphthyl-, and 4, 4-biphenyl compounds 
were prepared from their sulfonyl chlorides. The p-t-butyl compound 
was prepared from t-butylbenzene via chlorosulfonation. The results 
for the diazo transfer generation of (47) are summarized in the EX-
PERIMENTAL section. The yields were no higher than for tosyl azide, 
some of the reactions were mechanically difficult to carry out, and 
spectroscopy indicated that contamination persisted. The p-t-butyl-
benzenesulfonyl azide was the only one approaching tosyl azide in re-
activity and ease of manipulation. 
Cyclopropyl azide had been prepared by treatment of N-nitroso-
N-cyclopropylurea with lithium azide in methanol9. We found that (47) 
was generated easily by treatment of N -nitro so-N-bicyclo [4. 1. 0] heptyl 
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methyl carbamate (53) with lithium azide in dry methanol. Vacuum 
transfer of the crude mixture furnished spectroscopically pure {47). 
(Y'~-COzCH3 
NO 
{53) (4 7) 
Compound (53) was prepared from {51} by nitrosation with sodium 
nitrite in glacial acetic acid-acetic anhydride mixture. Treatment of 
(47} with triphenylphosphine in anhydrous ether did not furnish the an-
ticipated triphenylphosphazine adduct. Reduction of a small amount of 
{47} with arsenious oxide in potassium hydroxide solution regenerated 
amine (52}. This material gave a benz amide which did not alter the 
melting point of benzamide prepared from an authentic sample of~-
amine so that it appeared that the~ configuration had been retained. 
The demonstration that the generation of (47) occurs with re-
tention of configuration is consistent with the mechanistic suggestion 
that the key intermediate is the N-bicyclo [4.1. 0] heptyl pentazole {54). 
Ejection of nitrogen then would give (47}. The pentazole arises as the 










{54) -Nz > (Y N3 
(4 7) 
Another possibility is the formation of a free carbonium ion which is 
then trapped by azide ion. 
In order to distinguish between the two mechanisms a sample of 
£-(-)-a-methylbenzylamine was to be converted to its corresponding 
azide, reduced back to the amine and examined for optical activity. 
Identical rotations for the two materials would confirm no competition 
from or involvement with a free carbonium ion even in such a system 
as to accomodate carbonium ions easily. Thus, the only reasonable 
alternative would have been intermediate (54) . No difficulty was en-
countered in converting the amine to the carbamate. However, nitro-
sation proved to be a problem. A variety of conditions repeatedly 
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failed. These included sodium nitrite in hydrochloric acid, sodium 
nitrite in glacial acetic ac1·d a t. nh d ·d · 
- ce 1c a y r1 e m1xture, and nitrosyl 
chloride in dry ether both w i th and without triethylamine present . 
Transnitrosation was excluded because of cost of reagents. Ultimately, 
continuous reaction of the carbamate through nitrosation and into lith-
ium azide treatment at -70°C while packed in powdered dry ice proved 
unsuccessful. In all cases, carbamate was recovered (IR detection) in 
50- 7 5 o/o yield . 
D. A Cyclopropyl Azide; Photolysis and Thermolysis 
The thermal and photochemical modes of decomposition were 
found to be markedly different for (4 7). Irradiation of a very dilute 
solution of the azide {2 . 0 g. in 265 ml. of dry pentane or ether) for 90 
minutes effected complete fragmentation to cyclohexene, hydrogen 
cyanide and nitrogen. Hydrogen cyanide was detected calorimetrically 
in 70o/o yield and both cyclohexene and l, 2-dibromocyclohe xane (recov-
ered from a cold bromine trap) were detected by gas chromatography . 
The reaction was purged with dry nitrogen gas so that volatile produc t s 
wer e c a rried into success i ve traps of s a turated potassium hydroxi de 
followed by bromine in methylene chloride. Both were maintain e d be-
low 5°C. No evidence was obta ined for either butadi e ne or e t hyl e ne, 
the products which would result from the retro Diels -Alde r re a ction of 
cyclohex ene. The products cyclohex ene a nd hydrogen cyanide probably 






' .c- Nj 
. -
/ 0 + H-C::N 
{55) 
The thermal decomposition of the azide (4 7) was carried out in 
refluxing dry toluene for 90 minutes after which no azide was detected 
by IR. Following careful removal of the solvent the material was im-
mediately reduced with an excess of sodium borohydride in absolute 
ethanol. It was necessary to carry out the reduction immediately in 
order to prevent decomposition of the 2-azidobicyclo [4. 2. 0] oct-2-ene 
(55) by hydrolysis. Structure assignment was based upon careful ex-
amination of the IR spectrum of the reduction product (an NMR was not 
recorded). The UV spectrum was transparent above 210 nm. IR ab-
sorption for 2-azabicyclo [4. 2. 0] octane (56) recorded bands at 3305, 
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2850, 1450 and 990 cm- 1 which compared favorably with those reported 
by Skeinker and Peresleni81 in 1958 for azetidine itself. The possibi-
lity of ring opening to heptamethyleneimine was excluded on the basis 
of the melting point of its benzamide 82 . Satisfactory elemental anal-
ysis was obtained for the benzamide of (56). An attempt to purify a 
sample of (55) by column chromatography apparently resulted in hydro-
lysis to 2-aminohexahydrobenzaldehyde (57). Additionally, (57) in-








/ (55) ~ 
cc NH2 CHO 
(57) 
Although the thermal decomposition of alkyl azides frequently proceeds 
with hydrogen migration, such a process with cyclopropyl azides seems 
unlikely due to the associated increase in strain energy upon formation 
of a cyclopropylimine system. 
It appeared that a synthetic route for azacyclooctatetraene was 
at hand for the generation of this material. The sequence would 
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proceed from 7 -azidobicyclo [ 4. 1. 0] hept-3 -ene (59) which was prepared 
from 1, 4-cyclohexadiene in the same manner as for (47). 








The preparation of (59) as well as its chlorination p roceeded without 
difficulty as indicated by IR. However, upon thermolysis and dehydro-
chlorination some difficulty was encountered. Vacuum transfer of the 
recovered material furnished about 400 mg. of a pungent smelling oil. 
In addition to the reaction product or products, IR indicated the pres-
ence of the dehydrochlorinating agent, 1, 5 -diazabicyclo [ 4. 3. 0] non-5-
ene. In an attempt at further purification, two additional vacuum 
transfers furnished about 50 mg. of a colorless oil. The most distin-
guishing feature of this material was its very intense IR absorpt ion 
band at 2235 cm- 1. The most reasonable assignm e nt for this band is a 
nitrile group; specifically, an a, f3-unsaturated alkyl nitrile or an aryl 
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nitrile. No other triple-bonded or hetero-allenic chromophore seems 
to exhibit this absorption. Therefore, it seems legitimate to suggest 
benzonitrile as being present in the material isolated. Benzonitrile 
was not isolated in sufficient quantity to permit confirmation of iden-
tity; however, the UV and IR parameters were similar to those report-
ed for benzonitrile. Furthermore, its ultimate formation did not 
appear to be inconsistent with the chemistry of the sequence involved. 
No spectroscopic evidence was obtained which would indicate the pres-
ence of azocine in this material. Furthermore, the IR spectrum was 
more complex than the relatively simple pattern seen in cyclooctate-
traene and the UV spectrum was not similar to that reported for cyclo-
octatetraene83. The IR. band of the nitrile group in benzonitrile occurs 
at 2252 em -1 while the UV absorption spectrum in water shows maxima 
at 224 and 271 nm. The UV absorption of our material revealed four 
maxima including two located at 230 and 277 nm. Molar extinction co-
efficients were not calculated because of sample impurity. Assuming 
that the bicyclic azocine carbon skeleton was generated following de-
hydrochlorination, it is a reasonable conclusion that this material 
readily underwent decomposition to furnish benzonitrile. This would 
require only the loss of one mole of hydrogen gas with the driving 
force involving release of ring strain and aromatization. 
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> oc=cN +Hz 
(58) 
.6.HR. = -14 7. 7 kcal. I mol e 
We have estimated the 6HR for the reaction above, based upon known 
enthalpy data, to be -147. 7 kcal. /mole84 . This means that isolation 
of (58) will most certainly require special tecniques and perhaps ex-
plains the preference of workers for highly substituted azocine deriva-
tives for their studies4 5' 46. 
The great difficulty encountered in preparing the parent nitrogen 
heterocyclic derivatives of bullvalene or cyclooctatetraene is thermo-
dynamically consistent with the facile loss of hydrogen cyanide. Un-
successful attempts at the synthesis of azabullvalene from methoxy or 
methylthioazabullvalene by reductive cleavage of RO- or RS- are found 
in footnote 22 of a paper by Paquette and others43 . The thermodynamic 
preference for hydrogen cyanide ejection in azocine is estimated to be 
-62 to -64 kcal. /mole on the basis of known enthalpy data. Similarly, 
the process is much less likely to occur in cyclo octatetraene. 
> Hc::cH 
AHR = + 5 kcal./mole 
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0 0 + H-C:=N 
6HR = -40 kcal. /mole 
This suggests that ejection of hydrogen cyanide will be a very import-
ant process to deal with in the synthesis and isomerization reactions 
of the unsubstituted nitrogen analogues of (CH) 8 and (CH) 10 hydrocar-
bons, as well as rearrangement in the case of azocine. 
IV. EXPERIMENTAL 
Boiling points and melting points are given J.n degrees centi-
grade and are uncorrected unless so stated. The various spectrograms 
were determined on a Varian A-56/ 60 Nuclear Magnetic Resonance 
Spectrometer using tetramethylsilane as an internal standard, a 
Perkin-Elmer 13 7 Sodium Chloride or Perkin-Elmer 33 7 Grating Infra-
red Spectrophotometer using a polystyrene film as a reference standard 
and a Cary Model 14 Ultraviolet- Visible Spectrophotometer employing 
absolute ethanol as a solvent. Refractive indices were obtained on a 
Carl Zeiss Refractometer and optical rotations determined on a Kern 
Polarimeter. Elemental analyses were done by Spang Microanalytical 
Laboratories of Ann Arbor, Michigan. 
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A. Part I 
1. Evidence for the Generation of Azabarbaralone 
and Attempted Preparation of a Homologue 
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Cycloheptatriene-7-Carboxaldehyde Dimethyl Acetal (36)68 
A suspension of mercuric acetate (79. 9 g. , 0. 25 mole) in dry 
methanol (400 ml.) was cooled to 10°C under a stream of dry nitrogen 
gas and stirred mechanically. A solution of cyclooctatetraene (26. 0 g., 
0. 25 mole) in 100 ml. of dry methanol was added rapidly from a drop-
ping funnel. The addition time was 20 minutes during which a white 
addition product appeared. The adduct was decomposed by stirring at 
room temperature for 2 hours followed by refluxing for 4 hours. The 
yellow liquid was poured from the mercury pool and concentrated to a 
volume of 100 ml. on a steam bath. The concentrate was diluted with 
400 ml. of ethyl ether and extracted with 50 ml. portions of 0. 10 N. 
sodium hydroxide until basic to pH Hydrion paper. The ether extract 
was washed once with distilled water and dried over anhydrous sodium 
sulfate. Removal of the ether in vacuo gave a dark-orange oil. Vac-
uum distillation through a 12 in. Vigreaux column gave 36.5 g. (88. Oo/o) 
of a colorless oil, bp. 42-44°C at 0. 05 mm. The infrared spectrum 
(neat) showed bands at 3 020 (m); 2940 (m); 2820 (m); 1455 (w); 13 75 (m); 
1125 (s); 950 (m); 740 {s); and 690 (s). The NMR spectrum ( CC14 ) 
showed a multiplet at T 7. 88; a singlet at 6. 56; a doublet at 5. 3 9; mul-
tiplets at 4. 71, 4. 26, 3. 9 0; and a triplet at 3. 42. The ultra violet s pee-
trum showed a maximum at 262 nm. (e = 4300). 
Cycloheptatrienyl-7- Carboxylic Acid (33) 
A one-liter round-bottom flask containing 280 ml. of reagent 
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grade dry pyridine was cooled to 15°C and chromium trioxide {28. 0 g. , 
0. 280 mole) added slowly in increments while the mixture was stirred 
magnetically. The orange color of the chromium trioxide-pyridine 
complex8 5 appeared shortly. A solution of cycloheptatriene-7-carbox-
aldehyde dimethyl acetal (40. 0 g. , 0. 241 mole) in 100 ml. of reagent 
grade dry pryidine was added all at once and the mixture stoppered and 
stirred overnight at room temperature. The mixture was poured into 
500 ml. of 0. 10 N. hydrochloric acid covered with 100 ml. of ether and 
shaken vigorously. The organic layer was separated and the aqueous 
layer extracted five times with 100 ml. portions of ether. The com-
bined ether layers were washed with five 100 ml. portions of 1 N. hy-
drochloric acid followed by washings with distilled water until neutral 
to pH Hydrion paper. Drying over anhydrous sodium sulfate followed 
by removal of the ether in vacuo gave a pale-orange oil. Vacuum dis-
tillation through a 12 in. Vigreaux column gave 28.8 g. (85. 5o/o) of a 
colorless oil, bp. 58-60°C at 0. 05 mm. The infrared spectrum (neat) 
showed bands at 3010 (s) (:=:C-H); 2820 (s); 1690 (s) (C:=:O); 1440 {s); 
1350 (s); 1125 (s); 1080 and 1055 {both s); 955 and 910 (both m); and 695 
(s). The ultraviolet absorption spectrum showed a maximum at 254 nm. 
(e = 2950). The NMR spectrum was not recorded. 
Cycloheptatrienyl-7 -Carboxylic Azide (34) 
The method was adapted from the procedure of Horning and 
Muchowski86. Cycloheptatrienyl-7-carboxylic acid (23. 0., 0.169 
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mole) in 125 ml. of dry benzene was stirred magnetically under dry 
nitrogen stream in a 250 ml. three-necked round-bottom flask equipped 
with a reflux condenser, an addition funnel, and a nitrogen inlet tube. 
Thionyl chloride (41.3 g., 25 ml., 0.350 mole) was added dropwise 
during the next 90 minutes at such a rate that the benzene did not re-
flux. The stirring was continued for 2 hours followed by refluxing for 
an additional 2 hours. Removal of the benzene in vacuo gave 29.4 g. 
of a brown oil having a pungent odor. 
A 250 ml. three-necked round-bottom flask equipped with a 
thermometer, a drying tube, and a nitrogen inlet was cooled to 0°C 1n 
an ice-salt slush. The flask was charged with 175 ml. of dimethylfor-
mamide which had been freshly distilled and stored over molecular 
sieves. Cycloheptatrienyl-7-carbonyl chloride (29.4 g., 0.190 mole) 
was added all at once and the stirring under nitrogen continued at 0°C 
for 2 hours. Sodium azide (13. 0 g., 0.190 mole) in 25 ml. of water 
was added all at once and the stirring continued for an additional 4 
hours at 0°C. The mixture was poured into 200 ml. of ice-water and 
extracted five times with 30 ml. portions of benzene. The combined 
organic layers were back-washed several times with ice-water and 
dried over anhydrous sodium sulfate. Removal of the solvent in vacuo 
gave 21. 0 g. (77. Oo/o) of cycloheptatrienyl-7 -carboxylic azide. The 
infrared spectrum (neat) showed bands at 3040 (m); 2920 (m); 2830 (m); 
2120 (vs) (N==N ==N); 1650 (s) (C ==O); 1630 (m); 1500 (m); 1450 (m); 1245, 
113 0, and 1110 (all vs); and 905 (m). 
The Vapor Phase Thermolysis of Cycloheptatrienyl-7-Carboxylic 
Azide 
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Cycloheptatrienyl-7-carboxylic azide (2. 50 g., 15.5 mmoles) 
was evaporatively distilled through a Vycor reaction cylinder (2. 5 em. 
i. d. X 90 em.) upon which the radiation from three-275 watt infrared 
heat lamps was directed from a distance of about 3 em. The Vycor 
tube was mounted vertically. The entire radiation chamber was wrap-
ped in aluminum foil and the apparatus equipped with a cold finger so 
that the reaction products could be trapped at liquid nitrogen temper-
ature. The sample was slowly evaporatively distilled at room temper-
ature under a vacuum of . 005 mm. and the distillate collected on the 
cold finger. The distillation was discontinued after 16 hours. Upon 
warming to room temperature the condensed material melted permit-
ting recovery of 0.30 g. (14.5o/o) of a pale yellow oil believed to be 
azabarbaralone. The infrared spectrum (neat) showed bands at 3035 
{m); 2955 (m); 2825 (w); 2 725 (w); 173 0 (s}; 1645 (m); 1555 (m}; 1245 (s}; 
865 (s}; 695 (m); and 675 (m). The ultraviolet spectrum showed a 
maximum at 258 nm. {e = 1540) at a measured concentration of 0. 314 
mM. and a maximum at 258 nm. (e = 2160) at a measured concentration 
of 0. 420 mM. The NMR spectrum {CC14 ) showed multiplets centered 
at T 6.50 and 2.85 and a triplet at 0.42 (J = 2 cps). 
Cycloheptatrienyl-7-Acetic Acid (39) 
The method employed was essentially the one described by 
Conrow87 . A 500 ml. three-necked round-bottom flask was equipped 
with a nitrogen inlet tube and a drying tube. Malonic acid {11. 0 g. , 
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0. 10 mole} was added slowly to a stirred solution of tropylium perchlo-
rate (19. 0 g., 0. 10 mole) in 150 ml. of dry pyridine under nitrogen 
stream. The temperature rose to about 50°C where the solution was 
stirred for 30 minutes before heating at 90°C overnight. The cooled 
solution was poured into 20 ml. of 1 N. hydrochloric acid and extracted 
five times with 100 ml. portions of ether. The combined extracts wer e 
back extracted four times with 50 ml. portions of 1 N. hydrochloric 
acid, washed with water, and shaken again with small portions of 0. 10 
N. hydrochloric acid. The ethereal solution was washed with water 
and dried over anhydrous sodium sulfate. Removal of the solvent in 
vacuo gave 8. 7 g. (58. Oo/o) of a pale yellow oil. The infrared spectrum 
(CC14 ) showed bands at 3020 (m) (==C-H); 1705 (s) (C ==O); 1410 (m); and 
1295, 1260, and 1215 (all m). 
Cycloheptatrienyl-7 -Acetic Azide 
A 100 ml. three-necked round-bottom flask equipped with a dr y 
nitrogen bubbler and a drying tube was charged with a solution o f cyclo-
heptatrienyl-7 -acetic acid (3. 0 g. , 20. 0 mmoles) in 3 0 ml. of anhy-
drous ether. Thionyl chloride (4. 68 g., 2. 8 ml., 39.3 mmoles} was 
added and the mixture stirred overnight. After 12 hours a solid black 
residue was removed by filtration and the solvent and excess thionyl 
chloride removed in vacuo to give 2. 7 g. (80. 5o/o) of a tan oil having a 
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very pungent odor. 
The material described above was dissolved in 30 ml. of rea-
gent grade dry acetone and cooled to 0°C in a 100 ml. three -necked 
round- bottom flask equipped with a nitrogen bubbler and a small addi-
tion funnel. A solution of sodium azide {2. 5 g., 26. 0 mmoles) in 10 
ml. of water was added dropwise with rapid stirring. The mixture was 
then shaken vigorously in a separatory funnel and equal volumes of 
benzene and water added {15 ml. ) . After further extraction the organic 
layer was separated, washed with water and dried over anhydrous 
sodium sulfate. Removal of the benzene in vacuo gave 2. 3 g. {82. lo/o) 
of a brown oil which was used without further purification. The infra-
red spectrum {CC14 ) showed bands at 3040 {m); 2140 (s) (N===N=N); and 
1715 ( vs) (C==O). 
The Vapor Phase Thermolysis of Cycloheptatrienyl-7-Acetic Azide 
Cycloheptatrienyl-7-acetic azide {0. 60 g., 3.4 mmoles) was 
evaporatively distilled through the Vycor reactor in a manner described 
previously. The distillation was continued at room temperature for 10 
hours under a vacuum of . 001 mm. with the products condensing out on 
the cold finger. Warming to room temperature permitted recover y of 
0. 25 g. of a colorless oil having a pungent odor. The infrared spec-
trum (CC14 ) revealed only one major band at 2270 {vvs) (N==C ==O). The 
material appears to be cycloheptatrienyl-7 -acetyl isocyanate which was 
obtained in about 50o/o yield. 
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B. Part II 
1. Approaches to the Synthesis of Azabullvalene Precursors 
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N-Tropyl Phthalimide 
To a solution of phthalimide (56. 5 g. , 0. 384 mole) in 3 00 ml. 
of dry pyridine was added slowly tropylium perchlorate (73. 3 g., 0. 384 
mole} and the solution stirred at room temperatur e for two days. T he 
color of the solution progressively darkened resulting in a dark-brown 
appearance. The solution was poured into 300 ml. of ice-water and 
the crude product collected on a suction filter. The product was dis-
solved in the minimum volume of acetone and passed successively 
through chromatography columns packed with florosil (60-100 m e sh), 
neutral alumina (Brockman activity 1, 80-200 mesh), and basic alumina 
(Brockman activity 1, 80-200 mesh). The acetone solution was poured 
into ice-water and the white crystals collected on a suction filter. Two 
crystallizations from absolute ethanol gave 68.1 g. {75. O%) of white 
flakes, mp. 171-72°C. The infrared spectrum (KB r pellet} showed 
bands at 3020 {w) (==C-H); 1765 {s) and 1715 (vs) {CO- N - CO}; 1610 {w) 
(C==C); 1465 {m}; and 755 {s). The NMR spectrum (cis-pyridine) showed 
a triplet at T 5. 52 {lH); multiplets at 4. 29 {2H} and 3. 81 (2H); a tripl e t 
at 3. 32 (2H); and a doublet at 2. 28 (4H). The ultraviolet spectrum 
showed a shoulder at 238 nm. {e = 16200) and a max imum at 219 nm. 
{e = 70200}. Anal. Calcd for c 15 H 11N0 2 : C, 75. 93; H, 4. 67; N, 5. 91 
Found: C , 7 5 . 81; H, 4 . 6 7; N, 5 . 8 3 . 
N- Tropyl Succinimide 
To a solution of succinimide {25. 7 g., 0. 259 mole) in 150 ml. 
of dry pyridine was added slowly tropylium perchlorate {49. 3 g. , 
0. 259 mole) and the solution stirred at room temperature for two days. 
During that time all solids had dissolved and the solution turned black 
in appearance. The solution was poured into 200 ml. of ice-water, 
placed in the freezer overnight, and the crude product collected on a 
suction filter. The material was dissolved in the minimum volume of 
acetone and passed successively through chromatography columns 
packed with florosil {60-100 mesh), neutral alumina (Brockman activity 
1, 80-200 mesh), and basic alumina {Brockman activity l, 80-200 
mesh). The acetone solution was poured into ice-water and the light 
tan crystals collected on a suction filter. Two crystallizations from 
absolute ethanol gave 28. 7 g. {58. 6o/o) of white flakes, mp. 144 -45°C. 
The infrared spectrum {KBr pellet) showed bands at 3050 {w) {= C-H); 
3005 {w) and 2925 (w); 1775 {m) and 1695 (vs) (CO-N-CO); and 1615 {m} 
(C==C). The NMR spectrum {d5 -pyridine) showed a singlet at T 7. 28 
{1H); a triplet at 5. 57 (4H); multiplets at 4. 3 6 (2H) and 3. 80 {2H); and a 
triplet at 3. 31 {2H). The ultraviolet spectrum showed a maximum at 
255 nm. (e = 3620). Anal. Calcd for C11H11N02: C, 69. 82; H, 5. 86; 
N, 7. 40 Found: C, 69. 69; H, 5. 79; N, 7. 31. 
N-Tropyl Ethyl Carbamate 
To a solution of ethyl carbamate (20. 0 g., 0. 224 mole) in 150 
ml. of dry pyridine was added tropylium perchlorate {42. 7 g., 0. 224 
mole) and the mixture stirred at room temperature for 24 hours. 
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During that time all solids had dissolved and the solution darkened. 
The solution was poured into 500 ml. of methylene chloride and washed 
three times with 100 ml. portions of cold water followed by repeated 
washings with cold 20o/o hydrochloric acid until acidic to pH Hydrion 
paper. The organic layer was then washed once with cold water, once 
with saturated sodium chloride solution, and dried over anhydrous 
sodium sulfate. Removal of the methylene chloride in vacuo gave a 
black oil. Vacuum distillation of this material through a 12 in. Vig-
reaux column into a short-pass condenser gave a colorless oil. Wrap-
ping the entire apparatus in a heating tape permitted collection of 23. 0 
g. (57. So/o) of a colorless oil, bp. 114 -16°C at 1 mm. The infrared 
spectrum (neat) showed bands at 3335 (m) (N-H); 3030 (m}; 2980 (m); 
2950 {m); 1720 (s) (C-O); 1145 {m); and 1090 {m). The NMR spectrum 
(CCl4) showed triplets at T 8. 71 and 7. 69; a broad singlet at 6.16; a 
quartet at 5. 80; multiplets at 4. 50 and 3. 75; and a triplet at 3. 22. The 
ultraviolet spectrum showed an absorption maximum at 255 nm. 
{e = 3520}. 
N- Tropyl Isopropyl Carbamate 
To a solution of isopropyl carbamate (10. 3 g., 0.10 mole) dis-
solved in 110 ml. of dry pyridine was added slowly tropylium p e rchlo-
rate (19. 1 g. , 0. 10 mole} and the solution stirred at room temp e rature 
for 2 days. The dark-brown liquid was poured into 500 ml. of methyl-
ene chloride and extracted three times with 100 ml. portions of distilled 
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water followed by repeated 50 ml. washings with ice-cold 20o/0 hydro-
chloric acid until the aqueous layer was acidic to pH Hydrion paper. 
The organic layer was washed once with distilled water, once with 
saturated sodium chloride solution, and dried for several hours over 
anhydrous sodium sulfate. Removal of the methylene chloride in vacuo 
gave a black oil which could not be crystallized by freezing or by dilu-
tion with cold hexane. The hexane solution was chromatographed twice 
on a column packed with florosil {60-100 mesh) whereupon most of the 
amorphous solids were removed. Concentration of the hexane solution 
to a volume of about 50 ml. followed by cooling gave a first crop of 
light tan crystals. Further concentrations gave successively second 
and third crops. The three crops were combined and recrystallized 
three times from boiling hexane to give 14. 8 g. {76. O%) of white nee-
dles, mp. 62-3°C. The infrared spectrum (KBr pellet) showed bands 
at 3310 {m) {N-H); 3005 {w), 2955 (m) and 2855 (w); 1720 (vs) ( C==O); 
1395 {doublet, m); and 1110 {s). The NMR spectrum {CDCl~ showed a 
doublet at T 8. 74; a quartet or double doublet at 5. 97; a heptet at 4. 95; 
multiplets at 4. 46 and 3. 69; and a triplet at 3. 23. The ultraviolet 
spectrum showed a maximum at 255 nm. {e = 3630). Anal. Calcd for 
c 11H 14 N02 : C, 68. 37; H, 7. 82; N, 7. 25 Found: C, 68. 50; H, 7. 74; 
N, 7. 26. 
7- Cyanotropylidene 
The procedure was adapted from the method of Doering and 
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Knox88 . Tropylium perchlorate (19. 1 g. , 0. 10 mole) was shaken in 5 
g. increments with 100 ml. of distilled water contained in a 500 ml. 
actinic s eparatory funnel. Ethyl ether (25 ml. ) was added followed im-
mediately by the addition of (25 ml.) of a saturated solution of sodium 
cyanide in water and the funnel shaken vigorously for one minute. Upon 
clarification the organic layer was separated and the aqueous layer 
returned to the funnel. The operation was repeated three times follow-
ed by a final ether extraction after the tropylium ion had been consum-
ed. The ether extracts were combined, washed once with distilled 
water, and dried over anhydrous sodium sulfate. Evaporation of the 
solvent in vacuo gave a pale yellow oil. Vacuum distillation through a 
12 in. Vigr eaux column gave a colorless oil (10. 6 g. , 90. 5o/o), bp. 52-
540C at 0. 10 mm. The infrared spectrum (neat) showed bands at 3040 
(s); 2950 (w); 2250 {s) (C==N); and 1610 {m). The NMR spectrum (CCl4) 
showed a triplet at T 7. 04 (lH); multiplets at 4. 50 (2H) and 3. 55 (2H); 
and a triplet at 3.11 {2H). The ultraviolet spectrum showed a maximum 
at 255 nm. {e = 3680). 
Ethyl Cycloheptatriene-7-Carboxylate (35) 
Ethyl diazoacetate {46. 0 g., 0.403 mole) was dissolved in 550 
ml. of dry benzene and placed in an irradiation vessel. The irradiation 
was carried out using a 400 watt medium-pressure mercury vapor lamp 
contained in a 565 ml. capacity Hanovia apparatus cooled by a cold 
water jacket. Mixing was accomplished by magnetic stirring. The 
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photolysis was continued for 3 6 hours at which time the evolution of 
nitrogen gas had ceased. Excess benzene was removed in vacuo leav-
ing a dark-orange oil. Vacuum distillation through a 12 in. Vigreaux 
column have 50. 0 g. {75. So/o) of a colorless oil, bp. 52-4°C at 0.10 
mm. The infrared spectrum (neat) showed bands at 3010 {w); 2975 (m); 
1740 (s) (C:=O); 1605 (w); and 1080 (m). The NMR spectrum {CC14 ) 
showed a triplet at T 8. 53 {lH); a multiplet at 7. 50; a quartet at 5. 77; 
multiplets at 4. 61 (2H) and 3. 87 {2H); and a triplet at 3. 46 {2H). The 
ultraviolet spectrum showed a maximum at 255 nm. {e = 3040). 
a-Acetoxyacrylonitrile 
The method was a modification of the procedure of Nowak89. 
To a solution of cold sodium cyanide (25. 0 g., 0. 50 mole) in 75 ml. of 
water was added dropwise aqueous chloroacetaldehyde {109. 0 g., 0. 50 
mole) while the mixture was stirred magnetically and the temperature 
maintained at 5°C with an ice-salt bath. The addition time was 1 hour. 
The mixture was stirred for an additional hour after which it was 
poured into a separatory funnel and extracted five times with 75 ml. 
portions of ethyl ether. The ether extracts were combined, washed 
with water, and dried over anhydrous sodium sulfate. The ether was 
removed in vacuo leaving a yellow oil. Vacuum distillation through a 
12 in. Vigreaux column gave 17.4 g. {48. Oo/o) of 2-chloro-1-cyanoethyl 
acetate, bp. 45°C at 1. 0 mm. 
The material obtained above was dissolved in 75 ml. of dry 
ethyl ether and stirred magnetically at room temperature while a solu-
tion of triethylamine (12. 1 g. , 0. 12 mole) in 75 ml. of dry ethyl ether 
was added dropwise. The addition time was thirty minutes. The mix -
ture was stirred at room temperature for an additional 6 hours during 
which time a copious precipitate of triethylamine hydrochloride ap-
peared. Hydrochloric acid (50 ml. of 0. 20 N) was added and the solu-
tion stirred for about 15 minutes during which time the precipitate dis-
solved. The organic layer was separated, washed twice with small 
portions of dilute acid, once with distilled water, and dried over anhy-
drous sodium sulfate. Removal of the ether in vacuo gave a dark-
orange oil. Vacuum distillation through a 12 in. Vigreaux column gave 
10. 2 g. (76. 8o/o) of a-acetoxyacrylonitrile, bp. 28°C at 0. 75 mm. Iden-
tifying infrared bands (neat) were found at 2170 (m) (C =:=N); 1745 (s) 
(C O); and 1620 (m) (C==C). It was necessary to use this material im-
mediately as it rapidly polymerized upon standing even when stored in 
a freezer. 
Attempted Preparation of Vinylene Carbonate 
Freshly distilled ethylene carbonate (132. 0 g., 1. 50 moles) was 
placed in a 250-ml. three-necked round-bottom flask and stirred mag-
netically while maintained at 65°C in a warm water bath. A stream of 
dry chlorine was passed slowly through the liquid while it was irradi-
ated continuously for 24 hours with a 100-watt incandescent lamp. 
Vacuum distillation furnished 133.5 g. (74. Oo/o) based upon monochlori-
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nation of a colorless oil, bp. 95-8°C at 6-8 mm. {lit.9° bp. 106-7°C at 
10 mm. ). 
Monochloroethylene carbonate {45. 0 g., 0. 37 mole) was mixed 
with 150 ml. of anhydrous ether and brought to reflux while being stir-
red vigorously. Solution did not occur. Slow dropwise addition of a 
solution of triethylamine {52 ml., 38. 0 g., 0. 37 mole) in 75 ml. of dry 
ether was carried out over the next 8 hours. The mixture was refluxed 
overnight after which only a small amount of triethylamine hydrochlor-
ide was isolated by filtration. The ether and triethylamine were re-
moved in vacuo leaving an orange oil which was dissolved in 140 ml. of 
dry acetone and brought to reflux slowly. Again the addition of the tri-
ethylamine solution followed by refluxing overnight yielded no crystal-
line material. Attempts to recover monochloroethylene carbonate by 
distillation under vacuum also failed. The results were unchanged 
when syn-collidine or N, N-dimethylaniline were substituted for tri-
ethylamine as the base. 
Although vinylene carbonate generation by this technique is re-
ported, we never succeeded in carrying out the dehydrochlorination 
step. 
General Procedure for the Diels -Alder Reaction 
A three-necked round-bottom flask was equipped with a reflux 
condenser-drying tube assembly, an inlet tube for dry nitrogen gas, 
and an addition funnel. The diene component {50-100 moles) was 
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dissolved in 200 ml. of dry toluene or benzene and the solution brought 
to reflux. A solution of the dienophile (110-150 mmoles) in 50 ml. of 
dry toluene or benzene was added dropwis e rapidly during the next 15 
minutes. The funnel was removed, the flask stoppered, and the re-
fluxing continued for 24-36 hours under a stream of dry nitrogen gas. 
The adducts which were insoluble in toluene or benzene generally pre-
cipitated out as they formed. They were collected on a suction filter, 
washed with a small amount of cold toluene or benzene, and air dri e d. 
Recrystallization from boiling benzene-ethanol mixtures gave white 
flakes having sharp melting points. Freezing of the solvent overnight 
or removal in vacuo gave no additional crystalline material. 
The reactions in which no precipitate appeared were stripped of 
the solvent in vacuo and stored overnight in a freezer. In several 
cases this permitted recovery of a portion of the diene component from 




Tropyl Ethyl Carbamate 
Tropyl Isopropyl Carbamate 
Tropyl Acetamide 
Tropyl Ethyl Carboxylate 
Tropyl Aldehyde Dimethyl Acetal 
Tropyl Cyanide 
Dienophilic Compone nt 
Maleic Anhydride (sublim e d} 
cis -Dichloroethylene 
Vinylene C a rbonate 
a -Ac e tox yac rylonitril e 
Phenylac e tylene 
Diphenylacetylene 
Phenyl Propiolic Acid 
Methyl Propiolate 
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The only combinations which gave adducts were those employing 
maleic anhydride with tropyl phathalimide, tropyl succinimide, tropyl 
aldehyde dimethyl acetal, and tropyl ethyl carboxylate. On one occa-
sion an adduct was obtained from the Diels -Alder addition of reagent 
grade fumaric acid to tropyl cyanide. 
3-Carboethoxytricyclo [3. 2. 2. o2 , 4 ] non-8-ene-6, 7- dicarboxylic An-
hydride (45) 
To a solution of ethyl cycloheptatriene carboxylate (11. 8 g., 
0. 72 mole) in 100 ml. of dry toluene was added a solution of freshly 
sublimed maleic anhydride {14. 7 g., 0.150 mole) dissolved in 50 ml. of 
dry toluene. The mixture was refluxed under a stream of dry nitrogen 
gas for 2 days. The toluene {about 125 ml.) was removed in vacuo and 
the resulting dark-brown oil was placed in a freezer overnight. In the 
morning the crystals were collected on a suction filter, washed with 
cold ethyl ether until the washings were colorless, and air dried. Two 
recrystallizations from hot ethanol gave 7. 0 g. {37. 3o/o) of white plates, 
mp. 135-36oc. The infrared spectrum {KBr pellet) showed bands a t 
3070 (w); 3030 {m); 2990 (s); 2960 {w); 1865 (s) and 1785 {vs) 
(C0- 0 - CO); and 1740 (s) (C ==O) The NMR spectrum (d5 -py rid ine ) 
showed a triplet at T 3. 96 (2H); a quartet at 5. 68 (2H); a singlet at 
6. 26 (4H); and multiplets at 7. 96 (2H) and 8. 55 (4H). The ultr a violet 
spectrum revealed no maxima above 210 nm. Anal. Calcd for 
C14H1405: C, 64.11; H, 5. 38 Found: C, 63. 98; H, 5. 36. 
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Tricyclo [3. 2. 2. 0 2 • 4 ] non-8-ene-6, 7-dicarboxylic anhydride-3-carbox 
aldehyde Dimethyl Acetal (46) 
To a solution of cycloheptatriene carboxaldehyde dimethyl acetal 
(57. 8 g., 0. 35 mole) in 200 ml. of dry toluene was added a solution of 
freshly sublimed maleic anhydride (34. 0 g., 0. 35 mole) in 100 ml. of 
dry toluene. The resulting mixture which was light yellow in appear-
ance was refluxed under a stream of dry nitrogen gas for 2 days. The 
toluene (about 200 ml.) was removed in vacuo but the resulting black 
oil could not be persuaded to crystallize by employing freezing techni-
ques. However, permitting the material to stand undisturbed at room 
temperature for 4 weeks did effect slow crystallization. The crystals 
were collected on a suction filter, washed with cold ethyl ether until the 
washings were colorless, and air dried. Two recrystallizations from 
hot ethanol gave 32.9 g. (35. 6o/o) of white plates, mp. 106-7°C. The 
infrared spectrum (KBr pellet) showed bands at 3 065 {w); 3 015 {m); 
2060 (s); 2900 (s); 2835 (m); 3690 (w); 1860 (s) and 1780 {vs) 
(CO-O-CO); 1640 (w); and 1130 (vs). The NMR spectrum (d6-acetone) 
showed a triplet at T 4. 06 {2H); a doublet at 5. 73 {lH); singlets at 6. 42 
(4H) and 6. 63 (6H); and multiplets at 8.41 {2H) and 8. 94 (lH). The 





o 5 : C, 63. 63; H, 6.10 Found: C, 63.44; H, 6. 01. 
3-N- Phthalimidotricyclo [3. 2. 2. o2 , 4 ] non-8-ene-6, 7-dicarboxylic 
Anhydride {43) 
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To a solution of tropyl phthalimide {35. 5 g., 0.150 mole) in 500 
ml. of dry toluene was added freshly sublimed maleic anhydride {29. 5 
g., 0. 301 mole) dissolved in 150 ml. of dry toluene. The mixture was 
refluxed under a stream of dry nitrogen gas for 48 hours. Upon cool-
ing the crystalline adduct separated and was collected on a suction fil-
ter. Refluxing the mother liquor for an additional 24 hours gave a 
second crop of crystals. The two crops were combined, washed with 
dry benzene, and air dried under suction. The tan crystals wer e dis-
solved in the minimum volume of acetone and the solution decolorized 
by passing through a chromatography column containing florosil {60-100 
mesh). Addition of ice to the acetone solution precipitated the white 
crystalline material. Two recrystallizations from boiling benzene -
ethanol gave 24.2 g. {48. Oo/o) of white needl e s, mp. 270°C {decomp. ). 
The infrared spectrum {KBr pellet) showed bands at 2975 (w) ; 1865 {m); 
1785 {s) and 1720 {s); 1620 {m); and 1145 {s). Solubility probl e ms pro-
hibited the examination of the NMR spectrum. The ultraviolet spec-
trum showed a maximum at 293 nm. (E = 1230). Anal. C a lcd f or 
c 19H 13 N05 : C, 68.06 H, 3. 91; N, 4.18 Found: C, 68.17; H, 3. 90; N, 
4. 03. 
3-Aminotricyclo [3. 2. 2. 0 2 ' 4 ] non-8-ene-6, 7-dicarbox ylic Acid 
A 100 ml. three-necked round-bottom flask was fitted with a 
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reflux condenser and an inlet tube for dry nitrogen gas. 3-N-Phthali-
midotricyclo [3. 2. 2. 0 2 • 4 ] non-8-ene-6, 7-dicarboxylic acid {18. 0 g., 
51. 0 mmoles) was dissolved with warming in 600 ml. of absolute etha-
nol and refluxed for 12 hours with 95o/o hydrazine (6. 75 g., 200. 0 
mmoles) under nitrogen stream. Upon cooling the solvent was remov-
ed in vacuo leaving a crystalline residue presumed to be a mix ture of 
phthalhydrazide and the dihydrazinium salt of the amino diacid. Tritu-
ration with several 50 ml. portions of warm water followed by suction 
filtration permitted removal of 6. 5 g. (78. 9o/o) of the insoluble phthal-
hydrazide. Saturation of the filtrate with sodium chloride followed by 
dropwise addition of concentrated hydrochloric acid precipitated the 
amino diacid. The material was collected on a suction filter, washed 
with acetone, and air dried to give 6. 5 g. {95. 5o/o) of a white powder. 
This material did not melt at 315°C and was taken directly to electro-
chemical decarboxylation without further purification. 
The Electrochemical Synthesis of Tricyclo [3. 2. 2. o2 • 4 ] nona-6, 8-
diene-3 -carboxaldehyde Dimethyl Acetal 
Tricyclo [3. 2. 2. o2 · 4 ] non-8- ene -6, 7-dicarbox ylic anhyd r id e -
3-carboxaldehyde dimethyl acetal (46) {1. 32 g. , 4 . 95 mmoles) was 
shaken with 10 ml. of distilled wate r containing l. 25 ml. of tri e thy l-
amine. Gentle warming on a stea m bath e f fe cted comple t e s o lut ion in 
15 minut es. The solution was poured into a jacke ted reaction vess e l 
containing 125 ml. of pyridine and in which two platinum sheet elec-
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trodes (25 mm. X 25 mm.) and a nitrogen gas inlet tube had been posi-
tioned. A DC current of 900 ma. at 75 volts was applied and the solu-
tion electrolyzed under a stream of nitrogen gas while being stirred 
magnetically. The temperature of the solution was maintained be-
tween 20-25°C by means of circulating ethylene glycol-water solution 
and a portable cooling unit. The electrolysis was continued for 10 
hours during which time the current had dropped to less than ZOO ma. 
and the solution turned black. The reaction was quenched by pouring 
into 250 ml. of ice-water and immediately extracted with four 50 ml. 
portions of pentane. The combined pentane extracts were back-
extracted with 25 ml. portions of 0. 50 N. hydrochloric acid until acidic 
to pH Hydrion paper and washed with water until neutral. Drying over 
anhydrous sodium sulfate followed by removal of the solvent in vacuo 
gave 0. 522 g. (55. Oo/o) of a pale yellow oil. The infrared spectrum 
(neat) showed bands at 3060 {w) {==C-H); 3005 (m); 2955 (s); 2920 (s); 
2865 (s}; 1605 (w) (C==C); 1155 (m). The ultraviolet spectrum exhibited 
a maximum at 277 nm. (e = 1495). An NMR spectrun1 was not record-
ed. 
Subsequent attempts to repeat this synthesis on both the 5. 0 
mmole scale or greater proved unsuccessful. 
Other Attempts at Electrochemical Decarboxylation 
The electrochemical decarboxylation which was successful once 
could not be replaced on the 5. 0 mmole scale or greater for the 
compounds listed below. 
{1} 3-Carboethoxytricyclo [3. 2. 2. o2, 4] non-8-ene-6, 7 
dicarboxylic Anhydride 
{2} 3-N-Phthalimidotricyclo [3 . 2 . 2. o2 , 4 ] non-8-ene-
6, 7-dicarboxylic Anhydride 
{3} 3-N-Succinimidotricyclo [3. 2. 2. 0 2 ' 4 ] non-8-ene-
6, 7-dicarboxylic Anhydride 
{4} 3-Aminotricyclo [3. 2. 2. 0 2 ' 4 ] non-8-ene-6, 7-dicar-
boxy lie Acid 
Attempted Decarboxylation Using Lead Tetraacetate 
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The method was adapted from a technique described by 
Cimarusti and Wolinsky91. A 250-ml. three-necked round-bottom 
flask which had been oven dried at 175°C for 2 hours was equipped with 
an inlet system for dry oxygen gas, a true-bore stirring apparatus, 
and an outgas line. 3-Carboethoxytricyclo [3. 2. 2. o2 , 4 ] non-8- e n e -
6, 7-dicarboxylic anhydride {3.4 g., 13.0 mmoles) was dissolve d in 70 
ml. of dry pyridine which had been freshly distill e d, stor e d ove r mole-
cular sieves and purged with oxygen for 15 minutes. The solution was 
placed in the flask whi ch had been fitted with an outgas line running into 
a freshly prepared solution of saturated lim e water. L e ad t e traac eta te 
{8. 4 g., 19.0 mmoles) freshly prepared from lead diox id e and ac e tic 
acid-acetic anhydride mix ture and stor e d under vacuum over potassium 
hydroxide pellets was added all at onc e . The solution was immediat e ly 
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placed in an oil bath which was maintained at 67° ± 2°C with a hot plate 
and an immersion stirrer. A stream of oxygen gas was passed through 
the solution as the reaction commenced. Within 15 minutes carbon di-
oxide evolution had begun and the incubation was continued for about 1 
hour. Carbon dioxide evolution had ceased. The calcium carbonate 
was collected on a suction filter, washed with ether, and air -dried to 
yield less than 4o/o of the theoretical amount of carbon dioxide. The 
clear dark-green solution was cooled and diluted with three volumes of 
distilled water and the insoluble lead salts removed by filtration. The 
solution was extracted five times with 50 ml. portions of pentane and 
the combined extracts back-washed with water and 0. 10 N. hydrochloric 
ac.id until free of pyridine. A final water wash followed by drying over 
anhydrous sodium sulfate and evaporation to dryness gave no detectable 
residue. Evaporation to dryness under vacuum of the aqueous pyridine 
solution gave a black solid from which no organic material could b e r e -
covered by trituration in benzene, chloroform, eth e r, or e thanol. 
Subsequent attempts to decarboxylate other substrate s of very 
similar structure also failed. 
3-Cyanotricyclo [3. 2. 2. 0 2 ' 4 ] non-8-ene-6, 7-dicarboxylic Acid 
Tropyl cyanide (27. 35 g., 0. 234 mole) was pla c e d in a 250-ml. 
three-necked round-bottom flask e quipped with a reflux condens e r-
drying tube assembly and an inlet tube for dry argon gas. A solution 
of fumaric acid (31. 20 g., 0. 269 mole) dissolved with warming in 100 
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ml. of 75o/o dimethylformamide was added all at once and the mixture 
brought to reflux under a stream of argon gas. Refluxing was contin-
ued for 36 hours during which time the solution assumed a dark-red 
color. Refluxing was discontinued and the solution concentrated in 
vacuo to a volume less than 100 ml. The solid material which appeared 
was collected on a suction filter and washed with cold ethanol followed 
by cold ether. Two recrystallizations from cold aqueous ethanol gave 
7. 20 g. (13. 3o/o) of the adduct as a white powder, mp. 205 -6°C {sub-
limed}. Attempts to examine the infrared spectrum by KBr pellet or 
by D20 solution in AgCl cells were both unsuccessful. Titration of a 
known weight of adduct with standarized sodium hydroxide to a phenol-
phthalein end-point gave an equivalent weight of 115. 1, calculated 116. 6. 
3-Cyanotricyclo [3. 2. 2. o2 ,4] non-8-ene-6, 7-dicarboxylic Acid Silver 
Salt 
A solution of 3-cyanotricyclo [3. 2. 2. 0 2 ' 4 ] non-8-ene-6, 7-di-
carboxylic acid (3.15 g., 13.5 mmoles} in 100 ml. of warm distilled 
water was prepared and titrated with 1. 0 N. sodium hydroxide until a 
pale pink end-point of phenolphthale in was observed. A slight excess 
of silver nitrate (5 g., 29.6 mmoles dissolved in 100 ml. of distilled 
water} was added all at once with rapid stirring. The solution was 
shaken for several minutes and immediately concentrated to a volum e 
of less than 100 ml. in vacuo. A light tan precipitate appeared. Dilu -
tion with 50 ml. of absolute ethanol completed precipitation. The solid 
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material was collected on a suction filter, washed with cold ethanol, 
and air -dried. Drying for 24 hours in a vacuum oven maintained at 
75°C furnished 5. 85 g. {97. Oo/o) of the silver salt of the diacid as a tan 
powder. The material gradually decomposed in a melting point tube 
between 120-135°C to give a black powder. A 10 mg. portion of the salt 
dissolved in one ml. of 0.10 N. nitric acid instantly produced a dense 
white precipitate upon the addition of one drop of saturated sodium 
chloride solution. This precipitate dis solved readily when shaken with 
2 ml. of concentrated ammonium hydroxide. 
The Reaction of 3-Cyanotricyclo [3. 2. 2. 0 2 ' 4 ] non-8-ene-6, 7-dicar-
boxylic Acid Silver Salt with Bromine 
All glass apparatus was previously dried in an oven maintained 
at 175°C. A 250-ml. three-necked round-bottom flask was equipped 
with an inlet tube for dry nitrogen gas and a condenser with an outgas 
line from the condenser head leading to a water trap. The flask was 
charged with 3-cyanotricyclo [3. 2. 2. o2 ' 4 ] non-8-ene-6, 7-dicarboxylic 
acid silver salt {8. 0 g., 17.9 mmoles which had been dried in a vacuum 
oven at 75°C for 24 hours) and brought to reflux in 125 ml. of carbon 
tetrachloride which had been distilled and stored over phosphorus pent-
oxide. A solution of bromine {8. 62 g., 2. 95 ml., 54. 0 mmoles dried 
over phosphorus pentoxide) in 25 ml. of carbon tetrachloride was added 
all at once and the mixture refluxed under nitrogen for 5 hours. The 
refluxing was discontinued and the solid material removed by filtration. 
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The residue in the funnel was triturated with distilled water, filtered, 
and dried to give 9. 9 g. of a brown precipitate which was insoluble in 
concentrated nitric acid. Removal of the solvent in vacuo furnished 
0. 29 g. of a pale yellow oil which solidified on standing. This material 
was taken directly to the debromination reaction. 
The Reaction of 3-Cyanotricyclo [3. 2. 2. o2 , 4 ] nonane-5, 6, 7, 8-tetra-
bromide with Sodium Iodide in Acetone 
The solid material described above was placed in a 100 ml. 
round-bottom flask and refluxed one hour in 60 ml. of freshly prepared 
sodium iodide in acetone solution (15 g. sodium iodide dissolved in 100 
ml. of reagent grade acetone). The mixture which had assumed the 
violet color of a free iodine solution was concentrated in vacuo to a 
volume less than 25 ml. and diluted with 100 ml. of water. Extraction 
with ethyl ether (3 X 3 0 ml. ) followed by back-washing with water fur-
nished a pale yellow extract. Removal of the solvent in vacuo gave a 
yellow solid which was water soluble and appeared to be free iodine or 
inorganic iodide. No organic material could be recovered. 
The Reaction of 3-Carboethoxytricyclo [3. 2. 2. o2 , 4 ] non-8-ene-6, 7-
dicarboxylic Anhydride with Hydrogen Peroxide 
A 250-ml. three-necked round-bottom flask was equipped with 
a reflux condenser-drying tube assembly and charg e d with 3 -carbo-
ethoxytricyclo [3. 2. 2. o2 ' 4 ] non-8-ene-6, 7-dicarboxylic anhydride {7. 0 
g., 26. 7 mmoles). The material dissolved readily in 75 ml. of reagent 
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grade acetone and was brought to reflux. Hydrogen peroxide ( 0. 65 ml. , 
26. 7 mmoles of 98o/o solution, p = 1. 43) was added from a burette and 
refluxing continued for 2 hours. The solution was concentrated in 
vacuo to a volume less than 25 ml. and diluted with 30 ml. of absolute 
ethanol. Upon freezing crystallization occurred to furnish 4. 80 g. of a 
white powder, mp. 134-37°C. The material appears to be starting 
material and the reaction was not investigated further. 
The Irradiation of Isoprene in Pyridine 
The method was adapted from the work of Kraft and Koltzenburg 
describing the photoaddition of butadiene to benzene 9 2 . A solution of 
isoprene (100 ml., 68. 0 g., 1. 0 mole) in reagent grade pyridine (163 
ml., 160 g., 2. 0 moles) was irradiated using a 450-watt medium-
pressure mercury vapor lamp in a conventional Hanovia apparatus. 
The irradiation was carried out under a stream of dry nitrogen gas 
while the solution was stirred magnetically. The lamp was used with-
out a filter and was cooled with a cold water jacket. The reaction was 
discontinued after 4 hours and the excess pyridine r emoved in vacuo to 
give 1. 5 g. of a black oil having a pungent odor. Purification by bulb-
to-bulb transfer under high vacuum permitted recovery of 1. 2 g. of a 
colorless liquid. Gas chromatography revealed a major component 
(93. 2o/o) and a minor component (6. 7o/o). The infrar ed spectrum (neat) 
showed peaks at 3070 (w); 2965 (m); 2925 (m); 1650 (w}. The NMR 
spectrum in (CCl4) which did not reveal any vinylic protons showed a 
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broad singlet at T 4. 58; singlets at 5. 25 and 7. 66; and a broad multiplet 
centered at 8. 3 0. The ultraviolet spectrum exhibited maxima at 263, 
256, and 250 nm. 
In similar experiment butadiene furnished no isolatable mate-
rial. 
93 
C. Part III 
1. The Diazo Transfer Reaction 
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The Preparation of Azides by the Transfer of a Diazo Group 
The procedure is a modification of the one described by 
Anselme and Fischer 58 ' 5 9. Each of the amines used was freshly dis-
tilled in a dry system and stored over calcium hydride in amber glass 
bottles. All glassware was oven-dried at least 12 hours at 175°C and 
ass em bled while still hot. The amine (3 7. 0 mmoles) was placed in a 
100 ml. three-necked round- bottom flask equipped with a reflux con-
denser-drying tube assembly, an inlet tube for dry nitrogen gas, and a 
small addition funnel. The amine was dissolved in 15 ml. of dry ben-
zene while being stirred magnetically under nitrogen stream. A solu-
tion of methyllithium in diethyl ether {15 ml. of a 5. 25o/o solution which 
is equivalent to 37. 0 mmoles of methyllithium) was transferred through 
a dry syringe to the amine solution and the stirring continued at room 
temperature. During this time yellow to orange colors appeared. A 
solution of p-toluenesulfonyl azide (7. 30 g., 37.0 mmoles) in 20 ml. 
of dry benzene was added dropwise over a period of 20 minutes and the 
reaction continued for a specified time. Distilled water (20 ml.) was 
added, the solution stirred until all of the solid material had dissolved, 
and the layers clarified in a separatory funnel. The aqueous layer was 
drawn off and washed once with a small portion of diethyl ether. The 
organic layers were combined and extracted once with 20 ml. of lOo/o 
hydrochloric acid, followed by two washings with small portions of 
distilled water, and dried over anhydrous sodium sulfate. Removal of 
the solvent in vacuo gave variously brown to black oils from which the 
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azides were isolated as colorless oils by employing a vacuum transfer 
technique. The material was distilled at a pressure of 1. 0 mm. from 
a warm water bath maintained at 70°C and recovered in a series of 
condensing traps cooled with liquid nitrogen. The spectrophotometric 
properties of the azides obtained in this manner indicated them to be 
free of unreacted amine as well as higher molecular weight azide de-
composition products. The addition of the hydrochloric acid solution 
to the original aqueous layer instantly produced a precipitate of p-
toluenes ulfonamide which was collected on a suction filter. Two re-
crystallizations from hot benzenehexane containing a trace of ethanol 
gave white needles of p-toluenesulfonamide, mp. 136-37°C (lit.59 mp. 
13 6°C). The non-distillable portion of the black oil was converted to 
its triphenylphosphine adduct and reported, after recrystallization 
from ethanol, as unreacted p-toluenesulfonyl azide. Yields are based 
upon p-toluenes ulfonyl azide reacted. 
The Vacuum Transfer Techni~e Employed for the Purification of Or-
ganic Azides 
Distillation was accomplished using a modified Faraday tube60. 
The tube was fitted to a vacuum system, pumped out with the sample 
frozen, and pumping continued until the sample had been out-gassed 
upon slowly warming. The sample was then refrozen and the stopcock 
leading to the pump closed after a high vacuum had been obtained. 
Apiezon Q was then applied in several instances to prevent appreciable 
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leakage. A Dewar flask containing a suitable coolant was raised to 
immerse receiver II (sample located in receiver I) and the sample 
allowed to warm slowly. Upon slow evaporation, the vapors tended to 
move downhill and were collected in the cold trap. Repetition with 
cooling of the original receiver and receiver III while receive r II was 
warmed led to a second distillation. The apparatus is operated in a 
manner similar to a Kugelrohr9 3 . Several such transfers furnished 
azides free of unreacted amine or tosyl azide. 
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A Summary of Cycloalkyl Azides Prepared by Diazo Transfer Using 
Tosyl Azide as the Transferring Agent 
Amine 






Principal IR Band, em -1 
{1) 2100' 2125 
(2) 2085, 2125 
(3) 2095 
(4) 2105, 2125 
{5) 2015 
Yield of Purified Azide 






unstable and non-isolatable 
UV Absorption, nm. (e ) 
231 ( 1145) 
231 (940) 





243 ( 15 0) 
237 ( 125) 
D. Part IV 
1. The Synthesis, Photolysis, and Therm a l Decomposition of 
a Model Cyclopropyl Azid e 
98 
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Ethyl Bicyclo [ 4.1. 0] heptane-7-Carboxylate (48) 
To a solution of 60 ml. of dry cyclohexene contained in a 
three-necked round-bottom flask was added 50 mg. of powdered anhy-
drous copper (II) sulfate. The mixture was brought to a moderate re-
flux while being stirred rapidly. A solution of ethyl diazoacetate (26. 9 
g., 0. 236 mole) in 75 ml. of dry cyclohexene was added over a period 
of 20 hours. The addition rate was maintained between 5 to 10 drops 
per minute. The reaction was complete when the evolution of nitrog e n 
had ceased and the suspension had become dark-orange in color. The 
catalyst was removed by filtration and the excess cyclohexene removed 
in vacuo. Vacuum distillation through a 10 in. column was packed with 
glass helices gave 31. 0 g. (78. 2o/o) of a colorless oil, bp. 52-4°C at 
0. 25 mm. (lit. 94 bp. 110°C at 18 mm. ). The infrared spectrum (neat) 
showed bands at 2980 (w); 2930 (m); 2855 (w); 1725 (s); 1180 (s); 1165 (s); 
and 1145 (m). The NMR spectrum (CCl4) showed a quartet at T 5. 94; a 
broad multiplet between 7. 66 and 9. 05; and sharp singlets located at 
8. 67, 8. 77 and 8. 91. The ultraviolet spectrum exhibited no absorption 
maxima above 200 nm. Failure of a carbon tetrachloride solution of 
this material to decolorize bromine in carbon tetrachloride indicat e d 
the presence of very little diethyl fumarate or diethyl maleate. The 
material is assumed to be nearly pure~ isom e r. 
Bicyclo [4.1. 0] heptane-7-Carboxylic Acid 
Ethyl bicyclo [ 4. 1. 0] heptane -7- carboxylate (188. 0 g. , l. 12 
100 
moles) was placed in a 500 ml. three-necked round-bottom flask 
equipped with a reflux condenser and an inlet tube for dry nitrogen gas. 
The ester was dissolved in ethanolic potassium hydroxide (62. 6 g., 
1. 12 moles dissolved in 150 ml. of 90o/o aqueous ethanol) and the solu-
tion reflux:ed vigorously with magnetic stirring under nitrogen stream 
for 36 hours. Upon cooling the solution was diluted with 100 ml. of 
ice-water and stirred in an ice bath while 75 ml. of concentrated hy-
drochloric acid was added slowly. The stirring at room temperature 
was continued for 3 hours during which time potassium chloride settled 
out to the bottom and the desired acid settled out to the top . The addi-
tion of another 100 ml. of water dissolved the salt whereupon the crude 
product was collected on a suction filter. Extraction of the aqueous 
solution with diethyl ether (5 X 50 ml.) followed by drying over anhy-
drous sodim sulfate and evaporation to dryness under a current of air 
gave a second crop of the acid. Washing the combined crops with a 
small amount of cold pentane followed by one recrystallization from 
boiling cyclohexane gave 88. 8 g. (56. 7) of white plates, mp. 96° C 
(lit.94 mp. 97-8°C). The p-bromophenacyl ester was prepared and 
gave a m p. of 12 2- 3 ° C (lit. 9 4 m p. 115 - 6 ° C ) . The in£ rare d s pe c t rum 
(KBr pellet) showed bands at 2935 (s); 2860 (s); 2605 (m); 2520 (m); 
1675 {vs); 1275 (s); 1240 (vs}; and 1210 {m). The NMR spectrum (CCl4) 
showed a broad singlet at T 3. 06; a broad multiplet between 7. 63 and 
8. 90; and single resonances at 8. 17, 8. 50, and 8. 66. The ultraviolet 
spectrum exhibited no maxima above 200 nm. 
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Bicyclo [4.1. 0] heptane-7-carboxylic Acid Hydrazide (49) 
To a solution of ref luxing hydrazine hydrate {25 ml. of 99-lOOo/0 
hydrazine hydrate, 25. 8 g., 0. 515 mole) in a three-necked round-
bottom flask was added pure 7 -carboethoxybicyclo [ 4. 1. o] heptane 
{13. 2 g. , 78. 5 mmoles) very slowly from an addition funnel. The addi-
tion rate was 5 drops per hour and required about 20 hours to be com-
pleted. This addition rate was sufficient to prevent the formation of a 
second layer during the reaction. Upon cooling the entire solution 
crystallized to give the crude hydrazide. The material was collected 
on a suction filter and washed with a small amount of cold water to re-
move the excess hydrazine hydrate. Two recrystallizations from hot 
ethanol gave 11.5 g. (95.lo/o) of colorless prisms, mp. 173-4°C. The 
infrared spectrum (KBr pellet) showed bands at 3235 {m); 3050 {m); 
3005 {m); 2935 (s); 2850 {m); 1665 (s); 1655 (s); 1540 {s); 1265 {m); 1195 
(s); 1170 {m); 1040 {m); and 1005 {m). The NMR spectrum {cosolvent of 
equal volumes of d6-acetone and ds-pyridine) showed broad resonances 
at T 5. 78 and 7.42; a broad multiplet between 7. 94 and 9.14; sharp sin-
gle peaks at 8. 07 and 8. 14; and broad resonances at 8. 26 and 8. 80. The 
ultraviolet spectrum exhibited a maximum at 223 nm. (e = 10900). 
7 -Aminobicyclo [ 4. 1. 0] heptane (52) 
A solution of sodium nitrite {70. 0 g., 1. 01 moles) in 2 00 ml. of 
distilled water was transferred to an 800 ml. beaker, cooled to 5°C in 
an ice-salt slush, and 100 ml. diethyl ether added. The mixture was 
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stirred rapidly using an overhead mechanical apparatus. A solution of 
bicyclo [ 4. 1. 0] heptane-7-carboxylic hydrazide (64. 6 g., 0. 420 mole} 
in 150 ml. of 2 N. hydrochloric acid was added dropwise from an addi-
tion funnel at such a rate that the temperature did not rise above 15°C 
when 75 ml. had been added, the addition was discontinued and the 
mixture stirred for 20 minutes. The dihydrazide (13. 0 g., 0. 047 mole, 
mp. 233-35°C; equivalent to 0. 094 mole of starting material) which 
had precipitated was collected on a suction filter, washed with cold 
ether, and the filtrate quickly transferred to a separatory funnel. The 
layers were separated, the aqueous layer returned to the beaker and 
the diazotization completed as above. The ether layer was washed with 
cold water until neutral to pH Hydrion paper and dried over anhydrous 
sodium sulfate. The combined ether extracts were concentrated on a 
steam bath to a volume less than 100 ml. and transferred to a three-
necked round-bottom flask equipped with a nitrogen gas inlet tube and a 
reflux condenser. Anhydrous methanol (175 ml.) was added and the 
solution refluxed vigorously under a nitrogen stream for 36 hours. 
During this time much of the ether distilled away . Removal of the ex-
cess methanol in vacuo gave a dark-orange oil presumed to be theN-
carbomethoxyl derivative of the desired amine. This ester was dis -
solved in methanolic sodium hydroxide {20. 0 g., 0. 50 mole dissolve d 
in 150 ml. of 50o/o aqueous methanol) and refluxed vigorously under 
nitrogen for 24 hours. During this time the odor of an amine became 
apparent and a precipitate presumed to be a mixture of sodium 
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carbonate and sodium bicarbonate appeared. The precipitate was re-
moved by suction filtration, washed with cold water, and the filtrate 
transferred to a large separatory funnel containing 200 ml. of ice-
water. The aqueous solution was shaken ~nd extracted with ether 
{5 X 50 ml. ) . The combined extracts were washed with cold water un-
til neutral to pH Hydrion paper and dried over anhydrous sodium sul-
fate overnight. Removal of the solvent in vacuo gave an orange oil 
with a pungent amine-like odor. Vacuum distillation through an column 
packed with glass helices gave 15.4 g. (42. 6o/o) of a colorless oil, bp. 
31-2°C at 0. 10 mm. {lit. 9 4 72°C at 20 mm. ). The benzoyl derivative 
was prepared and gave amp. of 166-7°C {lit. 94 mp. 157-8°C). The 
infrared spectrum {neat) showed bands at 3360 {w) (N-H); 3295 {w) 
(N-H); 2925 (s); and 2855 {m). The NMR spectrum (CCl4) showed a 
triplet at T 8. 09; a multiplet at 8. 34; a singlet at 8. 59; and multiplets 
at 8. 89 and 9. 26. The ultraviolet spectrum exhibited no maxima above 
200 nm. 
p- Toluenesulfonyl Azide 
The method employed was essentially that of Doering and 
De Puy95. To a solution of p-toluenesulfonyl chloride {170. 0 g., 0 . 892 
mole) in 1000 ml. of 95o/o ethanol was added a solution of sodium azid e 
{70. 0 g., 1. 08 mole) in 200 ml. of distilled water. The resulting mix -
ture was stirred for 2 hours at roon1 temperature and diluted with 6 
liters of cold water. The azide settled out upon standing overnight and 
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was isolated by decantation. The azide was washed with water three 
times followed by one washing with saturated sodium chloride solution. 
Drying over anhydrous sodium sulfate furnished 145. 0 g. ( 82. So/0 ) of p-
toluenesulfonyl azide as a light yellow oil. The oil which gave a nega-
tive test for chloride ion revealed a very strong infrared absorption 
band at 2110 em -l (N==N==N) and was used without additional purification. 
2-Naphthalene Sulfonyl Azide 
A solution of 2-naphthalene sulfonyl chloride (50. 0 g., 0. 22 
mole) in 315 ml. of 95o/o ethanol was prepared in a 1000 ml. round-
bottom flask. Warming on a steam bath was necessary to effect com-
plete solution. A solution of sodium azide (19. 5 g., 0. 30 mole) in 100 
ml. of water was added all at once and the mixture stirred magnetical-
ly a t room temperature for 2 hours. During this time the temperature 
rose to 45°C and the solution turned pale red in color. The mixture 
was poured into 600 ml. of ice-water, shaken briefly, a nd allowed to 
stand several days undisturbed. During this time the azide settled out 
as a pale yellow oil. The layers were clarified in a s e paratory funnel 
and the azide drawn into a second funnel containing 150 ml. of ether. 
The azide was dissolved and washed with cold water until neutral to 
pH Hydrion paper. Drying over anhydrous sodium sulfat e follow e d b y 
removal of the ether in vacuo gave 42.9 g. (83. 6o/o) of 2-naphthal e n e 
sulfonyl azide as a tan colored oil which solidified on standing. The 
oil which gave a negative test for chloride ion revealed a very strong 
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infrared absorption band at 2135 em -l (N==N=N) and was used without 
additional purification. 
Mesitylene Sulfonyl Azide 
A solution of mesitylene sulfonyl chloride (21. 9 g., 0. 100 mole) 
in a solvent mixture consisting of 105 ml. of 90% methanol and 55 ml. 
of acetone was prepared. Sodium azide (13. 0 g., 0. 200 mole) dissolved 
l.n 75 ml. of distilled water was added all at once and the mixture stir-
red at room temperature for 1 hour. The s elution was then diluted with 
an equal volume of cold water and extracted for 1 hour with 100 ml. of 
benzene using a high-speed stirring apparatus. The layers were sepa-
rated and the organic layer washed once with distilled water. Drying 
over anhydrous sodium sulfate for 12 hours followed by removal of the 
benzene in vacuo gave 16. 8 g. (74. 6o/o) of a pale yellow oil. The oil 
which gave a negative test for chloride ion revealed a strong infrared 
absorption band at 2125 em -l (N==N==N) and was used without additional 
purification. 
4, 4' -Biphenyl Disulfony1 Azide 
4, 4'-Diphenyl disulfony1 chloride (10. 25 g., 29.2 mmoles) was 
dissolved with warming in 200 ml. of ethylene glycol dimethyl ether. 
A solution of sodium azide (6. 5 g. , 0. 100 mol e ) in 75 ml. of distill e d 
water was a dded all at once and the mix ture sti r red at room t e mpera-
ture for 2 hours. During t h is time a whit e solid s e ttled out. The mix-
tur e was diluted with an e qua l v olume of water and stirred an additional 
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hour. The white precipitate was collected on a suction filter, washed 
with cold ethanol, and dried under vacuum to furnish 7. 5 g. (70. So/o) of 
4, 4'-biphenyl disulfonyl azide as a white powder, mp. 153-55°C (de-
com. ) . The white solid which gave a negative test for chloride ion also 
showed a very strong infrared absorption band at 2130 cm-1 (N==N==N) 
and was used directly. 
p-t-Butylbenzene Sulfonyl Azide 
A 25 0-ml. three-necked round- bottom flask was equipped with 
an addition funnel, a nitrogen inlet tube, and a condenser-drying tube 
assembly. The flask was charged with t- butylbenzene (61. 5 ml. , 53. 5 
g. , 0. 40 mole) which was stirred magnetically. Chlorosulfonic acid 
(26. 2 ml. , 46.4 g. , 0. 40 mole) was added carefully at room tempera-
ture under nitrogen. The addition time was about 2 hours during which 
the temperature rose and a dark-red viscous liquid appeared. Midway 
through the addition the chlorosulfonyl derivative began to precipitate 
from solution. Upon complete addition, pouring of this material over 
ice furnished p-t-butylbenzene sulfonyl chloride as white crystals which 
were collected on a suction filter, washed with cold ethanol, and air-
dried. The material was dissolved with warming in a solvent mixture 
consisting of 200 ml. of 90o/o methanol and 100 ml. of acetone. Sodium 
azide (20. 2 g., 0. 31 mole) dissolved in 100 ml. of w ate r was added, all 
at once, and the mixture was stirred at room temperature for 1 hour. 
The solid material was removed by filtration and the liquid diluted with 
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an equal volume of cold water. Benzene {150 ml.) was added and the 
mixture stirred vigorously for 1 hour using a hi-speed overhead stir-
rer. The benzene layer was separated, washed with distilled water, 
and dried overnight over anhydrous sodium sulfate. Removal of the 
solvent in vacuo gave 8. 0 g. (8. 4o/o) of p-t-butylbenzene sulfonyl azide 
as a pale yellow oil. The oil which gave a negative test for chloride 
ion also revealed a strong infrared absorption band at 213.0 em -1 
(N=N=N·). The NMR spectrum showed two doublets centered at T 2.10 
and 2. 39 which are characteristic of p-substituted t-butylbenzenes. 
The material was used without further purification. 
7 -Azidobicyclo [ 4. 1. 0] heptane 
All glassware used in this preparation was oven-dried at 200°C 
overnight. A 100-ml. three-necked round- bottom flask was fitted in 
the center joint with a 10 in. Vigreaux column-drying tube assembly. 
The drying tube was loosely packed with Drierite. The flask was also 
fitted with a rubber septum sealed glass jacket and a glass stopper. 
All joints were lubricated with Apiezon Q grease. A solution of 7-
aminobicyclo [ 4. 1. 0] heptane (2. 78 g., 25. 0 mmoles) in 25 ml. of dry 
benzene was transferred to the flask and magnetic stirring commenced. 
Methyllithium (25. 0 mmoles of a 5. 25o/o solution in ether analyzed by 
titration just prior to use) was transferred to the solution through a 
syringe. Stirring was continued for 20 minutes during which time a 
precipitate appeared and the solution assumed a yellow appearance. A 
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solution of sulfonyl azide {25. 0 mmoles) in dry benzene was added 
dropwise over a period of 30 minutes and the stirring continued for an 
additional half-hour. Water {20 ml.) was added and the stirring con-
tinued until all solids had dissolved. The layers were separated and 
the organic phase washed with 20 ml. of lOo/o hydrochloric acid follow e d 
by successive washings with distilled water until neutral to pH Hydrion 
paper. Drying over anhydrous sodium sulfate overnight follow e d by re-
moval of the solvent in vacuo gave dark colored oils from which th e 
azide was recovered by employing the vacuum transfer techniqu e pr e -
viously described. Acidification of the aqueous phase furnished a pre-
cipitate of the sulfonamides which were recrystallized from eth a nol-
water mixtures. 
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A Comparison of Diazo Transferring Agents Used in the Synthesis of 
7-Azidobicyclo [ 4. 1. 0] heptane from the Corresponding Amine 
Yield From IR Band 
Sulfonyl Chloride · cm-1 
p-Toluenesulfonyl Azide {1) 82. 5o/o 2110 
2-Naphtha1ene Sulfonyl Azide {2) 83. 6o/o 2135 
p-t-Butylbenzene Sulfonyl Azide (3) 8. 4o/oa 2130 
Mesitylene Sulfonyl Azide {4) 74. 6o/o 2125 
4, 4' -Biphenyl Disulfonyl Azideb (5) 70. 5o/o 2130 
Triphenylphosphine Yield Alky 1 Azide Yield 
Adduct, mp. After Distillation Sulfonamide 
( 1) 184-186 {sublim.) 3 6. 4o/o 33.2% 
{2) 163-165 4 7. Oo/o 59. Oo/o 
{3) 210-212 49. 6o/o 46. Oo/o 
{4) ------ 15. 2o/o -----
{5) ------ 26. 8o/o 21.6% 
aYield of sulfonyl azide from t-butylbenzene. 
bAzide added in dry THF to the amine dissolved in 1:1 THF-Ether. 
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N -Hydroxymethyl Phthalimide 
The procedure employed was the one described by Pucher and 
Johnson9 6 . Phthalimide (100 g., 0. 68 mole} was placed in a one-lit e r 
flask with 125 ml. of formaldehyde solution (3 7%) and ZOO ml. of dis-
tilled water. The mixture was brought to reflux slowly and maintained 
at 100°C for 4 hours during which time complete solution occurred. 
The hot solution was filtered quickly through a suction funnel and set 
undisturbed. Upon cooling to room temperature crystallization occur-
red. The material was collected on a suction filter and washed with 
cold water. Recrystallization from boiling ethanol gave 91.4 g. (76. O%) 
of white plates of N-hydroxymethyl phthalimide, mp. 141°C {lit. 96 mp. 
141-42°C). 
N-Chloromethyl Phthalimide 
The procedure was adapted from one described by Nefkens9 7 . 
The N-hydroxymethyl phthalimide {65. 0 g., 0. 368 mole} was placed 1n 
a 125 ml. flask, dissolved in thionyl chloride (100 ml., 165 g. , 1. 40 
moles), and the mixture stirred with warming on a hot plate f or 1 hour 
during which time all solid material had dissolved. The excess thionyl 
chloride was removed in vacuo leaving a crystalline r e sidue which was 
collected on a suction filter and washed with cold hexane. Two recry-
stallizations of this material from boiling toluene g ave 37. 2 g. {52. Oo/o) 
of white plates of N-chloromethyl phthalimide, mp. 130-31°C (lit. 9 7 
mp. 131-32°C). 
------ ---- ------------------------------------------------------------------~ 
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The Decomposition of N-Chloromethyl Fhthalimide with Methyllithium 
in the Presence of Cyclohexene 
N- Chloromethyl phthalimide {11. 15 g. , 57. 0 mmoles) was dis-
solved in a cosolvent system composed of 215 ml. of distilled and 
sodium dried 1, 2-dimethoxyethane and 135 ml. of distilled and sodium 
dried cyclohexene. The solution was transferred to a 500-ml. three-
necked round-bottom flask equipped with a glass stopper, a calcium 
chloride drying-tube, and a small bushing sealed with a rubber septum. 
All glassware had been oven-dried overnight at 175°C and assembled 
while still warm. The system was stirred magnetically as the temper-
ature was brought to -75°C using dry ice-isopropyl alcohol. Methyl-
lithium (57. 0 mmoles, as determined by titration just prior to use) was 
transferred through a syringe into the solution. A dense white preci-
pitate appeared immediately and the stirring continued for several 
hours as the bath warmed to room temperature. The thick magma was 
poured into 150 ml. of ice-water overlayed with 50 ml. of methylene 
chloride and shaken vigorously. The organic layer was drawn off and 
the extraction repeated twice using 30 ml. portions of methylene chlo-
ride. The organic layers were combined and washed with water until 
neutral to pH Hydrion paper and dried overnight with anhydrous sodium 
sulfate. Removal of the solvent in vacuo gave 8. 60 g. of a violet 
colored oil. The oil was taken up in 20 ml. of chloroform and charged 
to a chromatography column packed with 200 g. of neutral alumina 
(Brockmann Activity 1, 80-200 mesh) and prewashed with hexane. The 
column was first eluted with 300 ml. of hexane. Evaporation of the 
hexane extract to dryness furnished a tan crystalline residue which was 
recrystallized from ethanol to furnish 198 mg. of N-ethyl phthalimide, 
mp. 82-3°C (lit. 9 8 mp. 79°C). Elution successively with 300 ml. each 
of 75o/o hexane-25o/o chloroform; 50o/o hexane-50% chloroform; and 25o/0 
hexane-75o/o chloroform produced no residue upon evaporation. Subse-
quent elution with 500 ml. of chloroform furnished 3. 20 g. of a dark-
orange oil following evaporation to dryness. Final washing with 400 
ml. of ethanol gave 2. 20 g. of a violet oil after evaporation to dryness. 
Neither of these oils could be made to crystallize by employment of 
freezing techniques. The orange oil exhibited homogeneity on several 
column support materials including neutral and basic alumina, silica 
gel, and starch. The infrared spectrum (neat) of this oil exhibited 
major bands at 1795 (w); 1715 (s); 1610 (w); and 1370 (s) . The NMR spec-
trum (CC14 ) revealed a broad signal at T 2. 16 (2H) and a sharp singlet 
at 2. 50 (4H). The ultraviolet spectrum showed a maximum at 303 nm. 
(e = 93 0). In an attempt at further purification the violet oil was charg-
ed to a florosil column but could not be recovered by washing with 
hexane, chloroform, or methanol. 
N -7 -Norcaranyl Phthalimide 
The synthesis was adapted from a technique described in Vol-
ume 12 of Synthetic Methods of Organic Chemistry99. To a solution of 
norcaranyl amine {2. 78 g., 25.0 mmoles) in 10 ml. of reagent grade 
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pyridine was added a solution of phthalic anhydride (3. 70 g., 25.0 
mmoles) in 15 ml. of reagent grade pyridine and the resulting solution 
heated on a steam bath 30 minutes after the temperature had reached 
90°C. Acetic anhydride (5. 10 g. , 50. 0 mmoles) was added and the 
heating continued for an additional hour. The black solution was poured 
into 150 ml. of ice-water covered with 30 ml. of methylene chloride 
and shaken. The extraction was repeated with two additional portions 
of methylene chloride and the combined organic layers washed with 
small portions of water until neutral to pH Hydrion paper and dried 
over anhydrous sodium sulfate overnight. The black solution was con-
centrated in vacuo to a volume of 25 ml. and passed through a chro-
matography column packed with 75 g. of acidic alumina (Brockman 
activity 1, 80-200 mesh) which had been prewashed with methylene 
chloride. The column was eluted with 500 ml. of methylene chloride. 
Removal of the solvent in vacuo gave an off-white crystalline residue. 
Two recrystallizations from absolute ethanol gave 2. 75 g. (45. 7o/o) of 
white needles of N-7-norcaranyl phthalimide, mp. 112-13°C. The in-
frared spectrum (KBr pellet) showed bands at 3030 (m); 2935 (s); 2810 
(m); 1710 (vs); 1610 (m); 1395 (vs); 1130 (vs); and 725 (vs) among others. 
The NMR spectrum (d6 -acetone) showed a broad multiplet at T 8. 62 
{8H); a smaller multiplet at 8. 04 (2H); a triplet at 7. 58 {lH); and a 
sharp singlet at 2. 27 (4H). The ultraviolet spectrum exhibited a maxi-
mum at 293 nm. (e = 1645). 
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N-Bicyclo [ 4. 1. 0] heptyl Methyl Carbamate 
This material was isolated as a stable intermediate in the pre-
paration of 7 -aminobicyclo [ 4. 1. 0] heptane. Following removal of the 
excess methanol, the carbamate was isolated as a light yellow semi-
solid which solidified upon cooling. Identifying infrared bands were 
found at 3340 (m) (N-H) and 1695 (vs) (carbamate carbonyl). 
N-Nitroso-N-Bicyclo [ 4.1. 0] heptyl Ethyl Carbamate 
N-Bicyclo [4.1. 0] heptyl ethyl carbamate (33. 75 g., 0.184 mole) 
was dissolved in 350 ml. of glacial acetic acid-acetic anhydride mix-
ture (7:3), transferred to an 800 ml. beaker, stirred magnetically, and 
cooled to 5°C in an ice-water bath. During the next 30 minutes a solu-
tion of sodium nitrite (12. 6 g. , 0. 183 mole) dissolved in 40 ml. of water 
was added at such a rate that the temperature did not rise above 20°C. 
The stirring was continued for 30 minutes after the addition. The acid 
solution was diluted with 600 ml. of cold water and extracted with pen-
tane (3 X 75 ml. ). The combined yellow extracts were shaken with 
three 50 ml. portions of 2 N. sodium hydroxide followed by water until 
neutral to pH Hydrion paper. Drying ov e r anhydrous sodium sulfate 
followed by removal of the solvent under a current of warm air fur-
nished 35. 10 g. (89. So/o) of an orange oil. The infrared spectrum (neat) 
revealed bands at 2935 (s); 2860 (m); 1760 (vs); 1525 (s); 1440 (m) 
(N- N ==O); 1365 (m); and 1290 (m) among others. Treatment of a 2 ml. 
portion of this material with 1 ml. of concentrated sulfuric acid 
instantly furnished a gas, nitric oxide, which imparted a deep blue 
color when condensed in an ice-water slush at 0°C. 
7 -Azidobicyclo [ 4. 1. 0] heptane (4 7) 
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All glassware had been oven-dried at 175°C for 24 hours and 
assembled while still warm. A 500-ml. three-necked round-bottom 
flask was equipped with an addition funnel, a calcium sulfate drying 
tube, and a glass stopper. A solution of lithium azide {5. 88 g., 120 
mmoles; freshly prepared and vacuum oven dried at 80°C following 
several washings with absolute ethanol) in 225 ml. of dry methanol was 
charged to the flask and stirred magnetically. During the next 15 hours 
a solution of N-nitroso-N-bicyclo [4. 1. 0] heptyl ethyl carbamate {8. 46 
g., 40.0 mmoles) in 25 ml. of dry methanol was added very slowly. 
The evolution of gas was observed as the addition proceeded and the 
characteristic red-orange color of the nitroso compound disappeared 
after several minutes stirring following each addition. Th e solution 
was transferred to a large separatory funnel containing 300 ml. o f cold 
water, mix ed, and e x tracted four times with 75 ml. portions of pentane. 
The combined pentane extracts were dried over anhydrous magne sium 
sulfate, filtered, and evaporated to furnish a pale yellow oil. Purifica-
tion employing the vacuum transfer technique furnish e d 3. 35 g. (61. Oo/o) 
of the azide as a colorless oil. Th e inf rared spectrum (ne at) show e d a 
very strong band at 2095 em. -l (N:=N =:N) and th e ultraviol e t absorption 
spectrum revealed a maximum at 231 nm. {e = 885). The material was 
~---
116 
used immediately as a result of its instability to heat and sunlight. 
Attempted Preparation of N-(7-Norcaranyl) Triphenylphosphazine 
To a solution of norcaranyl azide (1. 45 g., 10. 6 mmoles) in 25 
ml. of dry benzene was added a solution of triphenylphosphine (3. 00 g., 
11.4 mmoles) in 40 ml. of dry ether. The mixture was refluxed under 
dry nitrogen for more than 8 hours after which the azide band was no 
longer detected by infrared spectroscopy and the initially colorless 
solution had assumed an orange color. The solvent was removed in 
vacuo and the oily residue diluted with 15 ml. of absolute ethanol. Upon 
standing at room temperature unreacted triphenylphosphine settled out 
as white needles, mp. 78-82°C (lit. 9 8 mp. 79°C). 
Lithium Azide 
The procedure was modified from a method described in the 
Handbook of Preparative Inorganic Chemistry100 . A slurry of 91.4 g. 
of reagent grade purified sodium azide and 14. 1 g. of reagent grade 
lithium sulfate in 70 ml. of distilled water was warm ed on a steam bath 
for 15 minutes and diluted with 35 0 ml. of 96% ethanol. The stirring 
was continued on the steam bath for an a dditional 3 0 minutes and th e 
mixture filtered by suction. Evaporation of the filtrate on a steam bath 
to a volume of about 75 ml. followed by storage overnight in a freezer 
gave 13. 8 g. of lithium azide as white plates. The product was collect-
ed on a suction filter, washed with cold ethanol and air dried. Follow-
ing vacuum oven drying at 80°C for 24 hours the material was used 
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without additional purification. 
Photolysis of 7-Azidobicyclo [4.1. 0] heptane 
A sample of pure 7-azidobicyclo [4.1. 0] heptane (2. 60 g., 18. 9 
mmoles of colorless oil freshly isolated by vacuum transfer} was dis-
solved in 265 ml. of freshly distilled pentane which had been stored 
over molecular sieves. This solution was irradiated at 0°C with a 
450-watt medium -pressure mercury-vapor lamp without a filter in a 
270 ml. capacity Hanovia apparatus. The reaction was monitored by 
removal of samples with a syringe, evaporation on a sodium chloride 
plate, and examination of the residue in an infrared spectrophotometer. 
The azide had been destroyed after 2 hours of irradiation as evidenced 
by the disappearance of the band at 2095 cm- 1. The reaction was car-
ried out under a stream of dry argon gas with the reaction products 
being carried successively through a large test-tube loosely packed 
with glass wool, a small gas -washing trap containing 20 ml. of freshly 
prepared saturated potassium hydroxide cooled in ice-water to 5°C, a 
second test-tube packed with glass wool, a second gas -washing trap 
containing 1 ml. of dry bromine dissolved in 10 ml. of dry methylene 
chloride, and finally into a large flask containing 40 ml. of 0. 50 N. 
sodium thiosulfate solution. The apparatus was disassembled when the 
azide could no longer be detected and the contents of the bromine trap 
transferred to a small separatory funnel and shaken with 10 ml. of 0. 50 
N. sodium thiosulfate solution, followed by two washings with distilled 
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water. The extract was dried over anhydrous sodium sulfate and ex-
amined by gas chromatography for bromo derivatives of the three pos-
sible olefins. The analysis revealed cyclohexene and 1, 2-dibromo-
cyclohexane to be present in the bromine trap. Both were identified by 
comparison of retention data to known reference samples. No evidence 
was obtained for the bromides of butadiene or ethylene nor for the 
presence of perhydrobiphenylene, the photodimer of cyclohexene. 
The reaction described above was repeated using a 3. 0 g. sam-
ple of the azide dissolved in 260 ml. of anhydrous ethyl ether. Cyclo-
hexene was not detected by gas chromatography while a trace of 1, 2-
dibromocyclohexane was obtained. In both cases a strong odor of 
cyanide was detected in the potassium hydroxide trap which was con-
firmed by the rapid development of an orange color upon the addition of 
5 drops of saturated methanolic picric acid101 solution. 
The Determination of Hydrogen Cyanide 1n the Photolysate of 7 - Azido -
bicyclo [ 4. 1. 0] heptane 
The azide photolysate was transferred to a separatory funnel 
containing 20 ml. of 0. 20 N. freshly prepared filtered sodium hydro-
xide solution and shaken vigorously. The layers were separated and 
the aqueous phase drawn into a clean dry 100 -ml. volumetric fla sk. 
The ether layer was extracted an additional five times with 15 ml. por-
tions of sodium hydroxide and the extracts transferred to the volumet-
ric flask which was then diluted to volume with distilled water and 
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mixed. A series of standard solutions of analytical reagent grade 
sodium cyanide was prepared with concentrations ranging from 0. 048 
mg. to 0. 336 mg. sodium cyanide in a 10-ml. volumetric flask. To 
each flask was added 5 ml. of 0. 02 N. sodium hydroxide solution fol-
lowed by exactly 2 ml. of a freshly prepared solution of lo/o picric acid 
in 0. 10 N. sodium hydroxide. A 1-ml. test sample of the combined ex-
tracts was taken and treated similarly and a reagent blank was prepar-
ed in which distilled water substituted for the cyanide. All samples 
were warmed on a steam bath for 30 minutes during which time the 
red-orange color developed. The samples were then cooled to room 
temperature, diluted to the calibrated volume with distilled water, and 
mixed. The absorbance of each sample was measured in a 1-cm. 
cuvette on a Bausch & Lomb Spectronic 20 colorimeter at 580 nm. The 
lOOo/o transmission point was set with the reagent blank. The recovery 
of hydrogen cyanide based upon nitrogen gas evolution was 69. 3o/o. 
Thermal Decomposition of 7-Azidobicyclo [4.1. 0] heptane (47) 
7-Azidobicyclo [4.1. 0] heptane (4. 20 g., 30.6 mmoles) obtained 
as a colorless oil by vacuum transfer just prior to use was dissolved 
in 70 ml. of dry toluene. The solution was transferred to an oven-
dried 100-ml. round-bottom flask equipped with a small condenser and 
a drying tube. The solution was brought to reflux and maintained for 
90 minutes after which infrared spectroscopy indicated that no azide 
remained. The toluene was removed rapidly in vacuo and a solution of 
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sodium borohyride (2. 0 g., 53. 0 mmoles dissolved in 50 ml. of ab-
solute ethanol and filtered just prior to use) was added in increments 
during the next 3 0 minutes. The pale yellow color disappeared upon 
addition of the first portion of the reagent and the stirring continued at 
room temperature for 24 hours. The solution was then poured into a 
separatory funnel containing 100 ml. of ice-water overlayed with 40 
ml. of pentane and the mixture shaken. The layers were separated and 
the aqueous phase extracted twice more with 3 0 ml. portions of pen-
tane. The combined pentane extracts were washed with distilled water 
followed by saturated sodium chloride solution and dried overnight 
over anhydrous sodium sulfate. Careful removal of the solvent in 
vacuo gave 1. 80 g. of a yellow oil having an amine-like odor. Upon 
purification by vacuum transfer l. 25 g. (11. 3 mmoles, 36. 9o/o) of 2-
azabicyclo [4. 2. 0] octane (56) was obtained. The infrared spectrum 
(neat) revealed major bands at 3305, 2850, 1450, 990, and 730 cm- 1 
among others. The material exhibited no ultraviolet maxima above 210 
nm. Treatment with benzoyl chloride furnished, after several recrys-
tallizations from absolute ethanol, a pure benzamide, mp. l77-8°C. 
Anal. Calcd. for C14H17NO: C, 78.10; H, 7. 95; N, 6. 50 Found C, 78.08 
H, 7. 95; N, 6.49. Upon treatment with a-naphthyl isocyanate, a crys-
talline a-naphthylurea was obtained (mp. 79 -80°C) although a phe nyl-
thiourea did not form. An attempt to purify a sample of 2-azabicyclo 
[4. 2. o] oct-2-ene, the 1-azetine derivative, by column chromatography 
on silica gel resulted in hydrolysis to 2-aminohexahydrobenzaldehyde 
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{major peaks at 3440, 3350 and 1750 em - 1). The ultraviolet spectrum 
showed a maximum at 227 nm. (e = 345). A red ppt. {mp Z01°C, de-
camp.) was obtained upon addition of 2, 4-DNP reagent. The 2, 4-DNP 
derivative did not give satisfactory elemental analysis. Anal. Calcd. 
for C13H17N504 C, 50. 90; H, 5. 52; N, 22.80 Found C, 51.43; H, 4. 74 ; 
N, 19. 23. 
Reduction of 7-Azidobicyclo [4. 1. 0] heptane (47)9 
7-Azidobicyclo [4.1. 0] heptane (2. 50 g., 18.2 mmoles) was dis-
solved in 30 ml. of freshly distilled 2-ethoxyethanol and transferred to 
a 500-ml. three-necked round-bottom flask. A solution containing 
arsenious oxide {15.1 g., 76. 7 mmoles) and potassium hydroxide {5. 6 
g., 0.10 mole) dissolved with warming 1n 150 ml. of 1:1 2-ethoxyethanol-
water was added all at once and the mixture stirred. The flask was 
placed in a water-bath maintained at 53°C and the reaction monitored 
by nitrogen gas evolution. After 24 hours it was necessary to add an 
additional 10 g. of arsenious oxide dissolved in 5o/o potassium hydroxide 
in 50o/o aqueous 2-ethoxyethanol. Nitrogen gas evolution had ceased 
following collection of 280 ml. {11. 2 mmoles, 61. 5o/o of theoretical 
volume). The solution was diluted with 800 ml. of ice-water and ex-
tracted with 75 ml. of hexane. Following two additional extractions 
with 50 ml. portions of hexane the hydrocarbon layers were combined 
and washed with cold water until neutral to pH Hydrion paper and free 
of 2-ethoxyethanol. Final washing with saturated sodium chloride 
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solution followed by drying over anhydrous sodium sulfate and removal 
of the solvent in vacuo gave 0. 70 g. (6. 3 mmoles, 34. 6o/o) of a pale 
yellow oil having an amine-like odor. The material was divided in 
half for derivative formation with benzoyl chloride and a-naphthyl iso-
cyanate. N-(7-Norcaranyl)-benzamide prepared in this manner was 
identical with material prepared from authentic ~-7-norcaranyl 
amine94 . Spectral parameters were very similar, melting points 
identical, and several mixed melting point determinations all produced 
less than 1°C depression. 
9., -(-) -(N -Ethoxycarbonyl) -a-Methylbenzyl Amine 
Optically active 9..-(-)-a-methylbenzyl amine (24. 30 g., 0. 20 
mole) was dissolved in 50 ml. of sodium dried freshly distilled ether 
and transferred to a 500-ml. three-necked round-bottom flask equip-
ped with a small addition funnel, a glass stopper, and a hi-speed over-
head mechanical stirrer. A solution of triethylamine (20. 2 g., 27. 8 
ml., 0. 20 mole) in 40 ml. of dry ether was added and rapid stirring 
commenced while the flask was cooled to 5°C with ice-wate r. Ethyl 
chloroformate (21. 70 g., 16. 0 ml., 0. 20 mole) was added dropwise 
over the next 15 minutes at such a rate that the temp e rature did not 
rise above 10°C. A white precipitate appeared immediat e ly as the 
stirring was continued for an additional hour at room temp e ratur e . Th e 
solid material was collected on a suction filte r and washed with 60 ml. 
of ether. The solid material gave 25.75 g. (0.187 mole, 93. So/ore-
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covery) of triethylamine hydrochloride {mp. 244°C sublim. and 252-
40C decomp., lit. 9 8 mp. 245°C sublim. and 253 -4°C decomp. ), as a 
white solid after additional ether washings and vacuum oven drying for 
1 hour. The organic layer was washed twice with 25 ml. portions of 
l. 10 N. hydrochloric acid followed by two 50 ml. washings with dis-
stilled water and a final wash with 25 ml. of saturated sodium chloride 
solution. Drying over anhydrous sodium sulfate followed by removal 
of solvent in vacuo gave 34.55 g. (0.179 mole, 89. 5o/o) of the title com-
pound as a pale yellow oil. The material was used as is following un-
successful attempts at purification by column chromatography on floro-
sil and by vacuum distillation. The infrared spectrum (neat) revealed 
bands at 3310 (s) (N- H); 3030 (m); 2975 (s); 2930 (m); 1695 (vs) (c ar -
bamate carbonyl); 1530 (s); 1445 (m); 1245 {vs); 1060 {vs); 765 (s); 700 
(vs). The NMR spectrum (CCl4) showed a singlet at T l. 31 (5H); a 
doublet centered at 2. 33 (lH); a triplet centered at 4.18 (lH); a quartet 
centered at 5.18 {2H); and a multiplet centered at 8. 53 (6H). The ultra-
violet spectrum revealed a maximum at 257 nm. (e = 184) cx~8 = -118. 
Attempted Preparation of .Q,-(-) -cx-M e thylbenzyl Azide 
All glassware had been oven-dried at 175°C prior to use. A 
500-ml. three-necked round-bottom flask was equipped with an inlet 
line for the introduction of a gas below th e surface of its contents, an 
outgas line leading into a flask containing 20% sodium hydroxide solu-
tion for the absorption of acidic materials in the gas stream, and a 
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glass stopper. A solution of £-( -)-(N-ethoxycarbonyl)-CX-methylbenzyl 
amine (10. 35 g., 53.5 mmoles) in 75 ml. of dry 1, 2-dimethoxyethane 
was transferred to the flask. A solution of triethylamine (7. 5 ml., 
53. 5 mmoles) in 50 ml. of 1, 2 -dimethoxyethane was added and the 
mixture stirred magnetically while the temperature was brought to 
-65°C with a dry-ice methanol bath. A 25 0-ml. three-necked round-
bottom flask was equipped with an inlet tube for the introduction of dry 
argon gas, a glass stopper, and an outgas line which passed directly 
into a drying train composed of equal quantities of moist sodium nitrite, 
potassium chloride, and anhydrous calcium sulfate. The distant end of 
the drying train was fitted with a line for the introduction of the gas 
stream directly into the carbamate solution. Liquified nitrosyl chlo-
ride (3. 0 ml., 65. 0 mmoles} was transferred to the flask after cooling 
to -30°C with dry ice-methanol. Upon carefully controlled warming of 
this bath the gaseous nitrosyl chloride was carried into the carbamate 
solution while the system was continuously swept with a stream of dry 
argon gas. This was continued for 1 hour after which the nitrosyl chlo-
ride had been consumed and a dense precipitate had been formed in the 
reaction flask. This mixture was quickly transferred to a one-liter 
round- bottom flask containing a solution of lithium azide (14. 45 g. , 
0. 295 mole} dis solved in 700 ml. of dry methanol and packed in pow-
dered dry-ice in a large Dewar bottle. This flask was equipped with a 
Claisen adapter through which a hi-speed stirrer was mounted in the 
center stem and a drying tube in the side stem. The precipitate 
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instantly dissolved upon mixing and the yellow-orange solution stirred 
for 36 hours at -65°C. Upon slow warming to room temperature the 
mixture was poured into a large separatory funnel containing one liter 
of cold water overlayed with 100 ml. of pentane and the mixture shaken. 
The layers were separated and the aqueous phase extracted twice more 
with 75 ml. portions of pentane. The combined pentane layers were 
washed once with 50 ml. of 1. 0 N. hydrochloric acid followed by dis-
tilled water until neutral and finally shaken twice with 50 ml. portions 
of saturated sodiun1 chloride solution. Drying over anhydrous sodium 
sulfate and removal of solvent in vacuo gave 7. 95 g. of a yellow oil. 
Infrared spectroscopy indicated this material to be recovered carba-
mate (identifying bands at 3320 cm- 1 and 1695 cm-1). No azide was de-
tected (no bands in the 2100 cm-1 region). Evaporation of the aqueous 
phase gave a brown oil which was not resolvable by column chromatog-
raphy on neutral alumina or on silica gel. 
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E. Part V 
1. The Attempted Synthesis of Azocine 
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Ethyl Bicyclo [4.1. 0] hept-3-ene-7-carboxylate 
A one-liter three-necked round-bottom flask was equipped with 
an addition funnel, a reflux condenser-drying tube assembly, and a 
glass stopper. The flask was charged with 1, 4-cyclohexadiene (400 
ml., 340 g., 4. 25 moles) and 25 mg. of powdered dry cuprous bro-
mide and brought to reflux while being stirred magnetically. A solu-
tion of ethyl diazoacetate (110 ml., 118.5 g., 104 moles) in 50 ml. of 
1, 4 -cyclohexadiene was added dropwis e over the next 24 hours. Upon 
completion of the addition, the refluxing was continued for 4 hours. 
The solution was cooled, filtered to remove the catalyst, and the e x -
cess l, 4-cyclohexadiene removed in vacuo leaving a brown oil having a 
pungent odor. Slow vacuum distillation through a 25 em. Vigreaux 
column furnished three fractions. Gas chromatographic comparison to 
an authentic sample revealed the desired ester to be the highest boiling 
fraction. Redistillation of this material slowly through the column 
gave 77.0 g. (44. 6o/o) of ethyl bicyclo [4.1. o] hept-3-ene-7-carboxylate 
as a colorless oil, bp. 75°C at 2 mm. (lit. 102 bp. 104°C at 11 mm. ). 
Bicyclo [4.1. 0] hept-3-ene-7-carboxylic Hydrazide 
A 500 -ml. three-necked round-bottom flask was equipped with 
an addition funnel, a reflux condenser-drying tube assembly, and a 
glass stopper. The flask was charged with 200 ml. of hydrazine hy-
drate (128 g. hydrazine, 4. 0 moles) and brought to reflux while being 
stirred magnetically. Ethyl bicyclo [4.1. 0] hept-3-ene-7-carboxylate 
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was added dropwise at such a rate that the layers did not separate. 
The addition required about 18 hours after which refluxing was contin-
ued for 4 hours. The hot solution was poured into a large beaker and 
the product solidified upon cooling. The material was collected on a 
suction filter, washed with cold water several times, and air dried. 
Recrystallization from the minimum volume of boiling ethanol gave 
32.0 g. (45. 9o/o) of bicyclo [4.1. o] hept-3-ene-carboxylic hydrazide as 
white needles, mp. 185-6°C. The infrared spectrum (KBr pellet) re-
vealed bands at 3285 (vvs) and 3165 (s) ( - NH-NH2 ); 2870 (s); 2825 (m); 
1615 {vvs) (C==O); 1222 (s); 1200 (m); 1032 (vs); and 984 (s). The ultra-
violet spectrum revealed no maxima above 210 nm., however, broad 
bands were recorded at 270 and 225 nm. 
N -7 -Bicyclo [ 4. 1. 0] hept-3- enyl Methyl Carbamate 
Bicyclo (4.1. 0] hept-3-enyl-7-carboxylic hydrazide (45. 80 g., 
0. 302 mole) was dissolved in 175 ml. of 7:3 glacial acetic acid-acetic 
anhydride mixture, transferred to a one-liter beaker and cooled t.o 0°C 
in a salt-water slush while being magnetically stirred rapidly. All 
solid material dissolved initially after which a precipitate appeared 
which could not be redissolved upon the addition of water. Sodium 
nitrite solution (25 g. in 50 ml. of distilled wat er) was added in incr e-
ments during the next 90 minutes or at such a rate that the ten1perature 
did not rise above 5°C. The stirring was continued for an additional 
hour after which the solution was diluted with 800 ml. of cold water 
129 
overlayed with 100 ml. of ethyl ether and the mixture shaken vigorous-
ly. A small amount of insoluble dihydrazide precipitated from the 
solution at this point (9. 70 g., 0. 0356 mole equivalent to 0. 0712 mole 
of substrate) and was removed by filtration. The layers were sepa-
rated and the aqueous phase extracted four times with 100 ml. portions 
of ether. The combined ether extracts were washed twice with 100 ml. 
portions of 2 N. sodium hydroxide or until all acetic acid had been neu-
tralized. This solution of carboxazide in ether was washed with dis-
tilled water, dried over anhydrous sodium sulfate and carefully evapo-
rated to a volume of 50 ml. on a steam bath. Freshly distilled dry 
methanol {ZOO ml.) was added and the solution slowly brought to reflux 
where it was maintained for 24 hours. Upon cooling, the solvent was 
carefully removed leaving a pale yellow residue of N-7-norcar-3-enyl 
methyl carbamate {12. 60 g., 32. 9o/o). Upon standing this material par-
tially crystallized. The carbamate was used without additional purifi-
cation after it was determined that the material could not b e r e crystal-
liz e d easily nor was distillable under vacuum without decomposition. 
The infrared spectrum {neat) revealed bands at 3210 {vs) (N- H), 2920 
(s), 2820 (s), 1695 (vs) (carbamate carbonyl), 1510 (s), 1430 (s), 1250 
(s), 1205 (s), 1080 (s) and 1065 (s). The ultraviolet spectrum r e ve a l e d 
a maximum at 227 nm. (e = 147) as well as a broad band a t 245 n m. 
N-Nitroso-N-7-Bicyclo [4.1. 0] hept-3-enyl M e thyl C a rbamate 
N-7-Bicyclo [4.1. 0] hept-3-enyl methyl carbamate (12. 6 g., 
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0. 0755 mole) was dissolved in 45 ml. of 7:3 glacial acetic acid-acetic 
anhydride mixture and transferred to a 400-ml. beaker where it was 
cooled to 0°C in an ice-salt slush while being stirred magnetically. A 
solution of sodium nitrite ( 6. 9 g. , 0. 100 mole dissolved in 3 0 ml. of 
distilled water) was added in 5 ml. increments at such a rate that the 
temperature did not rise above 10°C. Following the addition the solu-
tion was stirred an additional 2 hours with slow warming to room tem-
perature. The deep-orange solution was then diluted with 500 ml. of 
cold water and extracted five times with 75 ml. portions of ethyl ether. 
The aqueous phase was diluted further with another 500 ml. of cold 
water and extracted twice more with 75 ml. portions of ether. The 
combined ether extracts were washed with 10 ml. portions of saturated 
potassium carbonate twice or until all acid had been neutralized follow-
ed by washing with distilled water until neutral again. The ether solu-
tion of the nitroso carbamate was dried over anhydrous sodium sulfate. 
Removal of the solvent in vacuo gave 10.45 g. of the crude nitroso car-
bamate as a dark-orange oil which was used without additional purifi-
cation. The infrared spectrum (neat) showed bands at 3000 (m); 2880 
(m); 1760 (vs); 1530 (s); 1450 (s) (N- N ==O}; 1370 (s); 1210 (s); and 1170 
( s). 
7-Azidobicyclo [4. l. 0] hept-3-ene (59) 
All glassware was oven dried overnight at 150°C and assembled 
while hot. A one-liter three-necked round-bottom flask was equipped 
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with a glass stopper, a 75 -ml. glass stoppered addition funnel, and a 
freshly charged calcium sulfate drying tube. A solution of lithium 
azide (10. 45 g., 0. 214 mole, prepared and purified as described pre-
viously) in 400 ml. of freshly distilled dry methanol was placed in the 
flask and stirred magnetically. Gentle warming was required to dis-
solve most of the azide although a small amount remained undissolved. 
A solution of N-nitroso-N-7-bicyclo [4.1. 0] hept-3-enyl methyl carba-
mate (10. 45 g., 0. 0533 mole) dissolved in 50 ml. of dry methanol was 
prepared and placed in the addition funnel. During the next 10 hours 
this solution was added slowly dropwise. The deep-orange color per-
sisted and no gas bubbles were observed. Shortly after the addition 
was started the remaining lithium azide dissolved and an additional 2. 3 
g. (0. 030 mole) was added. Stirring was continued overnight after 
which the solution was diluted with one liter of cold water overlayed 
with 75 ml. of distilled pentane and shaken vigorously. The layers 
were clarified and the aqueous layer extracted twice more with 75 ml. 
portions of pentane and the con1bined hydrocarbon phases were shaken 
with distilled water followed by saturated sodium chloride solution. 
The solution was then passed through an anhydrous sodium sulfate bed 
in a funnel and stored overnight over the same material. Removal of 
the pentane in vacuo gave 4. 15 g. of crude azide (59) as a pale yellow 
oil. A very strong infrared absorption band at 2105 em -l indicated the 
presence of the organic azide. The ultraviolet absorption spectrum 
revealed a maximum at 237 nm. (e = 410). The infrared spectrum also 
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indicated the presence of some carbamate, nitroso carbamate, and 
isocyanate to be present in the mixture. This material was carried 
through the azocine generation sequence without additional purification. 
Attempted Generation of Azocine (58) 
The crude 7-azidobicyclo [4. 1. 0] hept-3-ene (59) was dissolved 
in 30 ml. of dry methylene chloride and transferred to a 100-ml. 
three-necked round-bottom flask equipped with a small addition funnel, 
a fresh calcium sulfate drying tube, and an inlet tube for the introduc-
tion of dry nitrogen gas. A freshly prepared solution of chlorine in 
dry methylene chloride (37 ml. of 0. 855 N., 0. 0316 mole, determined 
iodometrically just prior to us e) was added dropwis e over the next 3 0 
minutes while being stirred magnetically under a stream of dry nitro-
gen. Following the addition the stirring was continued overnight after 
which the solvent was removed in vacuo leaving a dark-red oil. The 
infrared spectrum indicated that the chlorination reaction had not al-
tered the azide group. This material was then dissolved in 40 ml. of 
dry toluene and refluxed under dry argon in an oven-dried 100-ml. 
round-bottom flask. After 2 hours no azide could be detected by infra-
red spectroscopy and the solvent was carefully removed in vacuo to 
give 2. 80 g. of a tan oil. 
The dehydrochlorination reaction was adapt e d from a t e chnique 
103 5 described by Vogel and Klarner . An oven-dried 2 0-ml. thr ee -
necked round-bottom flask was equipped with an inlet tube for dry 
133 
nitrogen gas, a small addition funnel, and a fresh calcium sulfate dry-
ing tube. This apparatus was immersed in an ice-salt slush maintain-
ed between 0-5°C. The thermolysis product was dissolved in 50 ml. 
of dry tetrahydrofuran and placed in the flask under dry nitrogen while 
being stirred magnetically. A solution of 1, 5-diazabicyclo [ 4. 3. 0] non-
5-ene (4. 0 g., 0. 032 mole vacuum distilled within 24 hours) in 20 ml. 
of dry tetrahydrofuran was added dropwise during the next hour. The 
solution was stirred at 0°C under nitrogen for an additional 12 hours 
followed by storage another 12 hours at -20°C. The mixture was di-
luted with 140 ml. of ice -water overlayed with 3 0 ml. of distill ed pen-
tane and shaken thoroughly. Three additional 25 ml. extractions were 
carried out and the combined pentane layers washed with distilled 
water until free of tetrahydrofuran. Drying over anhydrous sodium sul-
fate followed by careful removal of the pentane at room temperature 
gave l. 90 g. of a dark-yellow oil. Purification was effected by vacuum 
transfer in two stages with volatile components distilling below r oom 
temperature being collected separat e ly from those which were distilled 
above room temperature from a wat er bath maintained at 40°C. The 
infrared spectrum as well as the ultraviolet spectrum were very simi-
lar for both fractions indicating that the two materials were identic al. 
Approximately 400 mg. of colorless material remained follo wing com -
plete degassing (removal of residual solvent which transferred) several 
times. The most distinguishing features of the infrared spectrum 
(neat) were the bands found at 3025 (s); 2235 (s) (C :=N); 1220 (s); 1130 
134 
{m); and 1070 (s). The ultraviolet spectrum revealed maxima at 277, 
268, 244, and 230 nm. as well as a shoulder located at 290 nm. The 
IR spectrum was not at all similar to those of cyclooctatetraene or 1 , 
5 -diazabicyclo [ 4. 3. 0] non-S- ene. 
135 
V. BIBLIOGRAPHY 
(1) W. von E. Doering, Zh. Vsesoyuz Khim. Obshchestva im D. I. 
Mende1eeva, 7, 308 (1962). 
(2) W. von E. Doering and W. R. Roth, Tetrahedron, ]2_, 715 (1963). 
(3) W. von E. Doering and W. R. Roth, Angew. Chem., 75, 27 
(4) G. Schroder, Angew. Chem., 75, 722 (1963); Angew. Chem. 
Internat. Edit., ~' 481 (1963). 
(5) M. Avram, E. Sliam and C. D. Nenitzescu, Ann., 636, 184 
(1960). 
(6) W. von E. Doering and J. w·. Rosenthal, J. Amer. Chem. Soc., 
88, 2078 (1966). 
(7) R. Huisgen, Proceedings of the Robert A. Welch Foundation, 
Houston, Texas, November (1971) and references cited therein. 
(8) P. A. S. Smith, Organic Reactions, John Wiley and Sons, Inc., 
New York, N.Y., Volume III, p. 337 (1946). 
(9) W. Kirmse and H. Schutte, Chem. Ber., 101, 1674 (1968). 
(10) A. B. Levy, Jr. and A. Hassner, J. Amer. Chem. Soc., 93, 
2051 (1971}. 
( 11) L. A. Paquette and T. J. Barton, ibid., ~' 5480 (1967). 
(12) Private communication with Professor M. J. S. Dewar, Univer-
sity of Texas, Austin, Texas. 
(13) W. von E. Doering, B. M. Ferrier, E. T. Fossel, Jr., J. H. 
Hartenstein, M. Jones, Jr., G. Klump, R. M. Rubin,and M. 
Saunders, Tetrahedron, ~' 3943 (1967). 
(14) M. Jones, Jr. and L. T. Scott, J. Amer. Chem. Soc., 89, 150 
(1967). 
(15) G. Schroder, Chem. Ber., 97, 3140 (1964). 
( 16) J. F. M. Oth, E. Machens, H. Roettele, and G. Schroder, 
Justus Liebigs Ann. Chem., 745, 112 (1971). For a preliminary 
report see reference (13). 
136 
( 17) G. Schroder, Angew Chem., 'I!_, 682 (1965). 
(18) G. Schroder, R. Merenyi, and J. F. M. Oth, Tetrahedron Lett., 
773 (1964); J. F. M. Oth, R. Merenyi, H. Roettele, and G. 
Schroder, ibid., 3941 (1968); H. Roettele, F. Nikiloff, J. F. M. 
Oth, and G. Schroder, Chem. Ber., 102, 3367 (1969). 
(19) J. F. M. Oth, R. Merenyi, J. Nielsen, and G. Schroder, Chem. 
Ber., ~' 3385 (1965). 
(20) C. Hoagzand, J. Niels en, and J. F. M. Oth, Tetrahedron Lett. , 
2287 (1970). 
(21) R. J. Bottcher, H. Roettele, G. Schroder, and J. F. M. Oth, 
ibid.' 3935 (1968). 
(22) A. de Meijere and C. Weitemeyer, Angew. Chem. Internat. 
Edit., 2_, 376 (1970). 
(23) G. Schroder, Chem. Ber., 2.!.._, 3131 {1964). 
(24) M. J. Goldstein, R. C. Krauss, and S. H. Dai, J. Amer. Chem. 
Soc. , 94, 680 {1972). 
(25) G. N. Schrauzer, F. Glockner, and R. Merenyi, Angew. Chem. 
76, 498 (1964); G. N. Schrauzer, P. Glockner, K. I. G. Reid, 
and I. C. Paul, J. Amer. Chem. Soc.,~' 4479 {1970); R. 
Aumann, Angew. Chem. Internat. Edit., 2_, 800 {1970). 
(26) H. F. Loffler and G. Schroder, Angew. Chem. lnternat. Edit., 
7, 736 (1968). 
(27) S. M. Johnson, J. S. McKechnie, B. T. S. Lin, and I. C. Paul, 
J. Amer. Chem. Soc., 89, 7123 {1967); J. S. McKechnie and 
I. C. Paul, J. Chem. S~, B, 1445 {1968). 
(28) E. Vedejs, J. Amer. Chem. Soc., 90, 4751 (1968). 
(29) G. Schroder, H. Roettele, R. Merenyi, and J. F. M. Oth, 
Chem. Ber., 100, 3527 {1967). 
(30) L. A . Paquette, S. Kirshner, and J. R. Malpass, J. Amer. 
Chem. Soc., .2.!_, 3970 (1969); ibid., E' 4330 {1970). 
(31) H. F. Loffler, T. Martini, H. Musso, and G. Schroder, Chem. 
Ber., 103, 2109 {1970). 
137 
(3 2) H. P. Lo££1er and G. Schroder, ibid.' 103, 2105 {1970). 
(33) H. P. Loffler and G. Schroder, Tetrahedron Lett., 2119 (1970). 
(34) M. Saunders, ibid. ' 1699 (1963). 
(35) A. Allerhand and H. Gutowsky, J. Amer. Chem. Soc., 87, 4092 
(1965). 
(36) J. D. Graham and E. R. Santee, Jr., ibid., 88, 3453 (1966). 
(37) R. Merenyi, J. F. M. Oth, and G. Schroder, Chem. Ber., 97, 
315 0 ( 19 64). 
(38) E. E. van Tamelen and B. C. Pappas, J. Amer. Chem. Soc., 
~' 6111 (1971). 
(39) L. T. Scott and M. Jones, Jr., Chem. Rev., 72, 190 {1972). 
(40) P. Wegener, Tetrahedron Lett., 4985 (1967). 
(41) L. A. Paquette and G. R. Krow, J. Amer. Chem . Soc., 90, 
5522 {1969). 
(42) L. A. Paquette, G. R. Krow, and J. R. Malpass, ibid., 91, 5522 
(1969). 
(43) L. A. Paquette, J. R. Malpass, G. R. Krow, and T. J. Barton, 
ibid.' 91, 5296 (1969). 
(44) L. A. Paquette and T. Kakinhana, J. Amer . Chem. Soc., ~· 
3897 (1968); for a more detailed discussion see L. A . Paquette , 
T. Kakihana , J. F. Hans en , and J. C. Phillips, ibid. , 93, 152 
(1971). 
(45) J. A. Elix, W. S. Wilson, and R. N. W arrener , Tetrahedron 
L ett ., 1837 (1970). 
( 4 6) J . J . Looker , J . 0 r g . C hem . , 3 6 , 2 6 81 ( 19 71) . 
(47) L. B. Anderson, J. F. Hansen, T. Kakihana, and L. A . 
Paquette, J. Amer. Chem. Soc., ~· 161 (1971). 
(48) L. A. Paquette and T. Kakihana, ibid., 93, 174 (1971). 
(49) L. A. Paquette and J. C. Phillips, ibid., 90, 3898 (1968). 
{50) M. Regitz, H. Schwall, G. Heck, B. Eistert, and G. Bock, 
Justus Liebigs Ann. Chem. , 690, 125 {1965); M. Regitz and A. 
Leidhegener, Chem. Ber., J.J_, 3128 {1966). 
{51) F. Klages and K. Bott, Chem. Ber., 97, 735 {1964). 
(52) A. M. van Leusen, P. M. Smid, and J. Strating, Tetrahedron 
Lett., 337 {1965); M. Regitz, Chem. Ber., 98, 36 {1965). 
{53) R. Huisgen, G. Szeimes, and L. Mobius, Chem. Ber., 99, 475 
{1966). 
{54) M. Regitz, Tetrahedron Lett., 3287 (1965); M. Regitz, Angew. 
Chem. lnternat. Edit., 4, 710 (1965). 
(55) G. Petzold and H. G. Henning, Naturwiss., 54, (17), 469 {1967). 
{56) M. Regitz and W. Anschutz, Chem. Ber., 102, 2216 {1969). 
{57) M. Regitz, Neuere Method Preap. Org. Chem., .§_, 76-118 (1970). 
(58) J. P. Anselme and W. Fischer, J. Amer. Chem. Soc., 89, 5284 
{1967). 
(59) J. P. Anselme and w-. Fischer, Tetrahedron,~' 855 {1969). 
{60) T. R. Steinheimer, D. S. Wulfman, and L. N. McCullagh, 
Synthesis, #6, 325 {1971). 
{61) J. P. Anselme and G. Koga, Chem. Commun., 446 (1968). 
{62) P. A. S. Smith, C. D. Rowe and L. B. Bruner, J. Org. Chem., 
34, 3430 {1969). 
(63) J. E. Galle and A. Hassner, J. Amer. Chem. Soc., 94, 3930 
{1972). 
(64) R. G. Kostyanovskii, I. M. Gella and Kh. Khafizov, lsv. Akad. 
Nauk. SSR, Ser. Khim. , (4), 893 {1971). 
(65) L. Friedn"lan and H. Schechter, J. Amer. Chem. Soc., 82, 1002 
{1960). 
(66) a) D. S. Wulfman and J. J. Ward, Chem. Commun., 276 {1967); 
b) D. S. Wulfman, L. N. McCullagh, and J. J. Ward, J. Chem. 
Soc., D, 4, 220 (1970). 
138 
(67) I. Brown, 0. E. Edwards, J. M. Mcintosh, and D. Vocelle, 
Can. l:_. Chem. , 47, 2751 (1969). 
(68) A. C. Cope, N. A. Nelsen, and D. S. Smith, J. Amer. Chem. 
Soc , !.!:_, 1100 (1954). 
139 
{69) E. Vogel and H. Gunther, Angew. Chem. Internat. Edit., 6, 385 
{1967). 
(70) J. B. Lambert, Tetrahedron Lett., 1901 {1963). 
(71) G. L. Abbe, Chem. Rev., ~' 345 {1969). 
(72) See A. H. Gevirtz, Ph. D. Thesis, Cornell Univers ity (1965). 
{73) P. Yates and P. Eaton, J. Amer. Chem. Soc., 82, 4436 (1960). 
(74) A. D. Walsh, Trans. Far. Soc., 45, 179 (1949); R . Hoffman, J. 
Amer. Chem. Soc., 2_Q, 1475 (1968). 
(75) R. Hoffmann, Tetrahedron Lett., 2907 {1970). 
{76) E. Ciganek, J. Amer. Chem. Soc.,~' 1149 (1965). 
(77) W. von E. D oe ring, M. Farber, and A. Sayigh, ibid., 75, 4370 
{1952). 
(78) C. A. Grob, M. Ohta, and A. Weiss, Angew. Ch e m., 70, 343 
{1958). 
(79) P. Radlick, R. Klem, S. S p urlock, J. Sims, E. E. van Tamelen, 
and T. Whitesides, Tetrahedron L ett ., 5117 {1968); H. H. W est-
b e rg and H. J. Daub en, Jr. , ibid., 5123 (1968). 
(80) G. Koltzenburg and K. Kraft, ibid., 389 (1966). 
(81) Y. N. Skeinker and E. M. P eresleni , Zhur. Fiz. Khim., 32, 
2112 (1958). 
(82) A. Muller, E. Srepel, E. Funder-Fritzsche, and F. Dicher, 
Mona t s c h. , 8 3 , 3 8 6 {19 5 2) . 
(83) B. H. Eccleston, H. J. Coleman, and N. G. Adams , J. Amer . 
Chem . Soc., 72, 3866 (1950). 
140 
(84) D. R. Stull, E. F. Westrum, Jr., and G. C. Sinke, The Chem-
ical Thermodynamics of Organic Compounds, John Wiley and 
Sons, Inc., p. 476 or see reference (1435) cited therein. 
(85) G. I. Poos, G. E. Arth, R. E. Beyler, and L. H. Sarett, J. 
Amer. Chem. Soc., !_2, 422 (1953). 
(86) D. E. Horning and J. M. Muchowski, Can. J. Chem., 45, 1247 
(1967). 
(87) K. Conrow, J. Amer. Chem. Soc., 81, 5461 (1959). 
(88) W. von E. Doering and L. H. Knox, ibid., !_1_, 352 (1957). 
(89) R . M. Nowak, J. Org. Chem., 28, 1182 (1963). 
(90) M. S. Newman and R. W. Addor, J. Amer. Chem. Soc., 75, 
1263 (1953). 
(91) C. M. Cimarusti and J. Wolinsky, ibid., 2_£, 113 (1968). 
(92) G . Ko1tzenburg and K. Kraft, Tett. Lett., 389 (1966). 
(93) R. Jaeckel, in Method. Organisch. Chem., Vol 1, Part l, Georg 
Thieme, Sttutgart, p. 897-957 (1958). 
(94) M. Mousseron, R. Jacquier, and R. Fraisse, Compt. Rend., 
243, 1880 {1956) and references cited therein. P. S. Ske11 and 
~M. Etters, Proc. Chem. Soc. (London), 443 (1961}. 
(95) W. von E. Doering and C. D. PePuy, J. Amer. Chem. Soc., 
75, 5955 (1953). 
(96) G. W. Pucher and T. B. Johnson, ibid., 44, 817 (1922}. 
(97) G. H. L. Nefkens, Nature, 193, 974 (1962). 
(98) R . C. Weast, Editor-in-Chief, Handbook of Chem. & Physics, 
48th Edition, The Chemical Rubber Company, 1967-68. 
(99) W. Theilheimer, Editor, Syn. Method. Org. Chem., Vol. 12 
(1958). 
{100) P. W. Schenk, Handbook Prep. Inorg. Chem., Vol. 1, Sec. 8, 
475 {1963). 
141 
(101) F. D. Snell and C. T. Snell, Colorimetric Methods of Analysis, 
Third Edition, Vol. II, 864 (1949). 
(102) H. Musso and U. Biethan, Chem. Ber., 97, 2282 (1964). 




Thomas Rudolph Steinheimer was born in St. Louis, Missouri 
on the 14th of November in 1938. In June of 1956 he was graduated 
from Norn~andy Senior High School. The following September he en-
tered Blackburn College, Car linville, Illinois, where he was awarded 
the Bachelor of Arts degree with a major in chemistry in June of 1960. 
He received an assistantship from the Chemistry Department of South-
ern Illinois University, Carbondale, Illinois, and obtained a Master 
of Arts degree with a major in biochemistry in August of 1962. In May 
of 1963 he joined the Food and Drug Administration where he spent the 
next forty-two months engaged in regulatory analysis and flavor chem-
istry research. In January 1967, he received a graduate assistantship 
from the Chemistry Department at the University of Missouri at Rolla 
where he is presently completing the requirements for the degree of 
Doctor of Philosophy in the field of organic chemistry. He was reap-
pointed by the Food and Drug Administration as a research chemist 
and is currently working in the area of pesticide residue methodology. 
The author is single and resides in Alexandria, Virginia. He 
has been a member of the American Chemical Society for ten years . 
237~83 
